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SUMMARY
G raft re je c t io n  remains a major problem in c l in ic a l  
renal transp lan ta tion  despite recent improvements in 
immunosuppressive therapy. While i t  is  accepted tha t T 
lymphocytes play an essentia l ro le  in  acute re je c t io n ,  
the re la t iv e  con tr ibu tions  o f the d i f fe re n t  e f fe c to r  
pathways have not been established. The aim o f th is  
thes is  was to examine the c e l lu la r  e f fe c to r  mechanisms of 
renal a l lo g r a f t  re je c t io n  in the ra t .
In i n i t i a l  experiments, the c h a ra c te r is t ic  features o f 
unmodified re je c t io n  were observed in a se r ia l  
immunohistological study o f re je c t in g  DA a l lo g ra f ts  
transplanted in to  PVG re c ip ie n ts .  The progressive 
mononuclear c e l l  i n f i l t r a t i o n  o f the g ra f ts  i n i t i a l l y  
comprised predominantly CD4 lymphocytes and subsequently 
CD8 c e l ls .  In addit ion  to T c e l ls ,  many o f the 
i n f i l t r a t i n g  c e l ls  were o f a phenotype consistent w ith NK 
c e l ls  and macrophages. This was associated with a 
s t r ik in g  increase in the expression, w ith in  the g ra f t ,  o f 
donor MHC class I and I I  antigens, together w ith the 
ea r ly  disappearance from the g ra f t  o f  class I I  p o s it ive  
donor i n t e r s t i t i a l  c e l ls .
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Mononuclear c e l ls  harvested from the g ra fts  and spleens 
o f these animals displayed moderate leve ls  o f in v i t r o  
a l lo s p e c i f ic  c y to to x ic i ty  against donor s t ra in  ConA
blasts  as well as high leve ls  o f nonspecific  c y to to x ic i ty
against the NK susceptib le Y3 ta rg e t.
Following on from these basic observations, subsequent
experiments investigated the a b i l i t y  o f CD4 or CD8 T
lymphocyte subpopulations (prepared by negative 
se lec t ion ) to mediate a llogeneic kidney damage in
d i f fe re n t  experimental models.
One approach was to examine the a b i l i t y  o f adoptive ly  
trans fe rred  lymphocyte subpopulations to  cause renal
a l lo g r a f t  re je c t io n  in ra ts  rendered lymphocyte d e f ic ie n t  
by a sublethal dose o f whole body gamma i r r a d ia t io n .
Acutely i r ra d ia te d  (8.5 Gy) Lewis re c ip ie n ts  were unable 
to  re je c t  DA renal a l lo g ra f ts  unless reconst itu ted  with 
syngeneic lymph node ce l ls  (LNC). Whereas tra n s fe r  o f 
5x l06 naive Lewis T lymphocytes ra p id ly  restored 
g ra f t  re je c t io n ,  s im ila r  numbers o f e ith e r  CD4 or CDS 
lymphocytes were r e la t iv e ly  in e f fe c t iv e .
Immunohistological examination o f day 7 a l lo g ra f ts  in 
recons t itu ted  rec ip ien ts  revealed, in a l l  groups, a 
moderate leukocytic  i n f i l t r a t e  o f s im ila r  phenotypic 
composition, ir respec t ive  o f the phenotype o f the 
re c o n s t itu t in g  c e l ls ,  and w ith  broad s im i la r i t y  to  the 
i n f i l t r a t e  observed in unmodified re je c t io n .
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When harvested i n f i l t r a t i n g  c e l ls  and splenocytes were 
tested in functiona l assays, only e f fe c to r  c e l ls  from 
CD4+CD8 T ce ll  reconst itu ted  animals, and not those from 
animals rece iv ing e ith e r  separated subpopulation, 
demonstrated a l lo s p e c i f ic  c y to to x ic i ty .  In te re s t in g ly ,  
splenocytes from a l l  animals ( inc lud ing  unreconstitu ted 
ra ts )  showed nonspecific cy to tox ic  a c t i v i t y  against Y3, 
but g ra f t  i n f i l t r a t i n g  c e l ls  from the same groups showed 
none. C o l le c t iv e ly ,  these experiments suggested th a t both 
T c e l l  subpopulations were necessary fo r  optimal g ra f t  
re je c t io n ,  and th a t in th is  p a r t ic u la r  s t ra in  and model, 
g ra f t  re je c t io n  corre la ted with s p e c if ic  cy to tox ic  I  ce l l  
ly s is  ra ther than nonspecific  cy to tox ic  a c t i v i t y .
The second approach examined the a b i l i t y  o f T c e l l  
subpopulations to mediate a llogeneic t issue  damage in the 
renal g ra f t  versus host reaction (GVHR). Renal 
subcapsular in je c t io n  o f parental CD4 lymphocytes in FI 
rec ip ien ts  was s u f f ic ie n t  to produce, by day 7, a grossly 
observable renal GVHR, while CD8 lymphocytes (even i f  
s p e c i f ic a l ly  sens it ised) were in e f fe c t iv e .  CD4 
lymphocytes required the essentia l p a r t ic ip a t io n  of 
rad iosens it ive  FI host, bone marrow derived c e l ls  to 
cause t issue damage. This occurred in the absence o f 
demonstrable s p e c if ic  T c e l l  ly s is  and appeared to be a 
DTH reaction. Experiments w ith PVG recombinant ra ts  
showed th a t an iso la ted  MHC class I I ,  but not a class I 
in c o m p a t ib i l i ty  was s u f f ic ie n t  to provoke a response.
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The f in a l  group o f experiments examined the a b i l i t y  of 
adoptive ly trans fe rred  lymphocyte subpopulations to 
restore renal a l lo g ra f t  re je c t io n  in the congen ita lly  
athymic PVG-rnu/rnu ra t .  CD4 lymphocytes alone were able 
to restore the f i r s t - s e t  re je c t io n  response, while CD8 
c e l ls  alone (naive or s p e c i f ic a l ly  sens it ised ) were 
in e f fe c t iv e ,  although the add it ion  o f CD8 c e l ls  to the 
inoculum had a syn e rg is t ic  e f fe c t  on the a b i l i t y  o f CD4 
c e l ls  to restore re je c t io n . Immunohistological studies 
revealed moderate c e l lu la r  i n f i l t r a t i o n  o f non-re jecting  
g ra f ts  and increased c e l lu la r  i n f i l t r a t i o n  o f the 
re je c t in g  g ra f ts ,  w ith a s ig n i f ic a n t  increase in the 
number o f  MRC 0X8 p o s it ive  c e l ls .
An in te re s t in g  f in d ing  was the presence, in  unmodified 
PVG-rnu/rnu ra ts ,  of ex tra thym ica lly  derived c e l ls  w ith 
wide a l lo r e a c t iv i t y  as detected by in v i t r o  c y to to x ic i ty  
assays against a range o f a llogeneic ConA b las ts  and NK 
susceptib le ta rge ts . Treatment o f the e f fe c to r  ce l ls  
w ith  a n t i -a s ia lo  GM1, and cold ta rg e t in h ib i t io n  assays 
together suggested the presence o f populations of 
a ty p ic a l ,  w idely reactive  NK c e l ls ,  w ith the add it iona l 
a b i l i t y  to  p re fe re n t ia l ly  recognise a s p e c if ic  ta rg e t.  
These c e l ls  were also present in the re je c t in g  g ra f ts  o f 
CD4 reconst itu ted  rec ip ien ts .
Overall the re fo re , the tra n s fe r  o f CD8 lymphocytes 
alone was in s u f f ic ie n t  to  cause t issue  damage in 
a llogeneic kidneys in any o f the experimental models
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studied. In con tras t, CD4 lymphocytes alone were able to 
cause extensive parenchymal damage in the renal GVHR, and 
were s u f f ic ie n t  to  i n i t i a t e  a l lo g r a f t  re je c t io n  in 
athymic re c ip ie n ts ,  but required the add it iona l presence 
o f CD8 c e l ls  to  restore  re je c t io n  in acute ly  i r ra d ia te d  
animals.
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ABBREVIATIONS
ATXBM Adult thymectomised, le th a l ly  ir ra d ia te d , 
bone marrow re co ns titu ted
BSA Bovine serum albumin
ConA Concanavalin A
DAB Dulbecco's A + B medium
DTH Delayed type h y p e rs e n s itiv ity
FCS Foetal c a lf  serum
GVHR G ra ft versus host reaction
ig Immunoglobulin
IgG Immunoglobulin G
IL2 In te r le u k in  2
IFN-8 In te rfe ro n  gamma
LAK c e ll Lymphokine-activated k i l l e r  c e ll
LNC Lymph node c e lls
MAb Monoclonal antibody
MHC Major h is to c o m p a tib ility  complex
mH Minor h is to c o m p a tib ility
MLR Mixed lymphocyte reaction
MST Median su rv iva l time
NK c e ll Natural k i l l e r  c e ll
PBS Phosphate buffered sa line
RT Room temperature
SD Standard dev ia tion
TDL Thoracic duct lymphocyte
Th Helper T lymphocyte
Tc C ytotoxic T lymphocyte
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CHAPTER ONE
GENERAL INTRODUCTION AND 
LITERATURE REVIEW
1.1 Current status of c lin ica l renal transplantation
Renal tra n sp la n ta tio n  is  now the treatm ent o f choice 
fo r  the m a jo r ity  o f pa tien ts  w ith  end-stage chronic renal 
fa i lu r e .  Successful tra n sp la n ta tio n  leads to  improved 
q u a lity  o f l i f e  and is  also cost e ffe c t iv e  when compared 
w ith  the a lte rn a tiv e  treatment o f haemodialysis. Over 
the la s t  decade, the re su lts  o f cadaveric renal 
tra n sp la n ta tio n  have s te a d ily  improved due to  a v a r ie ty  
o f fa c to rs , inc lud ing  increased emphasis on tissue  
matching, the discovery o f the b e n e fic ia l e ffe c ts  o f 
m u lt ip le  p re-opera tive  blood trans fus ion s , and the use o f 
the new and h igh ly  e ffe c t iv e  immunosuppressive drug, 
Cyclosporine (CyA). Nevertheless, immunological 
re je c tio n  o f the g ra ft  remains the major unsolved problem 
in  organ tra n sp la n ta tio n . This th e s is  is  concerned w ith  
the immunological mechanisms which underly the re je c tio n  
response, in the hope th a t a b e tte r understanding o f 
these events w i l l  a llow  the development o f a ra tio n a l 
basis on which to  plan s tra te g ies  aimed a t preventing 
re je c tio n  and reducing the in e v ita b le  m orb id ity  
associated w ith  cu rren t methods o f immunosuppression.
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1.2 H istorical perspective of renal transplantation
The f i r s t  human cadaveric renal tra n sp la n t was 
performed by Voronoy in  1933 in an attempt to  t re a t a 
p a tie n t w ith  acute renal fa i lu re  secondary to  mercury 
poisoning. Although th is  attempt was " te c h n ic a lly  
successfu l" i t  d id not prevent the e a rly  death o f the
p a tie n t (Voronoy, 1936).
The modern era o f c l in ic a l tra n sp la n ta tio n  began in 
Boston w ith  the performance o f renal transp lan ts  between 
id e n tic a l tw ins. I n i t i a l l y ,  these were the only 
cond itions in  which c l in ic a l tra n sp la n ta tio n  was
acceptable since the otherwise insurmountable problem o f 
re je c tio n  could not be avoided (Hume, M e r r i l l ,  M il le r  e t 
a l , 1955). The discovery in  the 1960s th a t tre a tin g
a llo g ra f t  re c ip ie n ts  w ith  Azath ioprine and s te ro ids  
reduced g ra ft  re je c tio n  to  "acceptable" le ve ls  meant th a t 
th is  form o f treatment fo r  endstage chronic renal fa i lu re  
was a va ilab le  to  a much la rge r number o f pa tien ts  (Caine, 
Alexandre & Murray, 1962).
In the 1970s, the apparently immunosuppressive e ffe c ts  
o f p re-opera tive  blood transfus ion  in  renal tra n sp la n t 
re c ip ie n ts  were recognised (Opelz, Sengar, Mickey e t a l ,
1973) and the in s t i tu t io n  o f d e lib e ra te  p re-opera tive
trans fus ion  p o lic ie s  resu lted  in  a fu r th e r  improvement in 
g ra ft  s u rv iv a l.
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F in a lly , the discovery and widespread use o f CyA in the 
1980s have meant th a t renal tra n sp la n ta tio n  is  now 
h ig h ly  successfu l, and have allowed the successful 
tra n sp la n ta tio n  o f other vascularised organs, namely the 
heart and l iv e r .
In sp ite  o f these c l in ic a l achievements, the 
immunological mechanisms o f g ra ft  re je c tio n  are s t i l l  
unclear. D eta iled observations o f the responses o f 
transplanted pa tien ts  to  th e ir  g ra fts  led to  the 
recogn ition  o f d if fe re n t  c l in ic a l patte rns o f g ra ft  
re je c tio n  which appeared to  r e f le c t  d if fe re n t e ffe c to r 
pathways. These have been described as fo llow s  (W illiam s, 
1984):
a) Hyperacute re je c tio n  is  antibody mediated and occurs 
w ith in  24 hours o f tra n sp la n ta tio n  o f an organ bearing 
the same h is to c o m p a tib ility  antigens, or MHC antigens, to 
which the re c ip ie n t has been p rev ious ly  exposed.
b) Accelerated re je c tio n  occurs w ith in  5 days o f tra n s ­
p la n ta tio n  and may be c e ll and/or antibody mediated. I ts  
rap id  onset suggests i t  is  the equiva lent o f the “ second 
se t" response in  animal experiments.
c) Acute re je c tio n  occurs w ith in  the f i r s t  3 months and 
is  probably c e ll and antibody mediated. I t s  tim ing  
suggests the equ iva len t o f a f i r s t  se t response to  
antigen.
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d) Chronic re je c tio n  occurs in s id io u s ly  a fte r  the f i r s t  
3 months and appears to  represent a con tinu ing , but 
m odified , response to  the antigen.
There are several obvious d i f f i c u l t ie s  in  attem pting to  
d issec t the mechanisms o f g ra f t  re je c tio n  by observing 
the responses o f human re c ip ie n ts , since by necessity , 
the immune response in  the p a tie n t is  always m odified by 
various types o f immunosuppressive therapy. Most o f our 
cu rren t knowledge o f the re je c tio n  response is  the re fo re  
based on animal models o f tra n sp la n ta tio n , in  which i t  is  
possib le  to  examine the events comprising unmodified 
re je c tio n  o f tissue  transp lanted between d if fe re n t ,  but 
u sua lly  inbred, s tra in s  o f animals.
1 .3  Early experimental transplantation
The curren t s ta tus o f tran sp la n t immunology has i t s  
o r ig in s  in  the pioneering work o f the la te  S ir  Peter 
Medawar. As a postgraduate student a t the S ir  W illiam  
Dunn School o f Pathology, Oxford, Medawar had developed 
an in te re s t in  the treatm ent o f severe burn in ju r ie s  
a fte r  observing the fa te  o f a young, badly burned airman. 
Although i t  was appreciated th a t an . obvious way o f 
tre a tin g  such in ju r ie s  was w ith  skin g ra fts  from 
vo lun ta ry  donors, i t  was also well known th a t, unless the 
two in d iv id u a ls  were id e n tic a l tw ins, any such skin
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g ra fts  would be ra p id ly  destroyed by the re c ip ie n t. 
However, there was l i t t l e  understanding as to  how or why 
the g ra fts  were re je c ted . In p u rsu it o f h is  in te re s t in 
burns, Medawar was seconded to  the Burns U nit a t Glasgow 
Royal In firm a ry . Here, working w ith  Tom Gibson, a young 
Glasgow surgeon, Medawar provided evidence th a t skin 
homografts (a llo g ra f ts )  were re jec ted  by an 
immunological process th a t resembled a s p e c if ic  adaptive 
response o f the type which leads to  p ro te c tion  against 
in fe c tin g  organisms.
Gibson and Medawar trea ted  a badly burned female p a tie n t 
w ith  numerous small skin  g ra fts  taken from the non-burned 
areas o f the p a tie n t 's  own sk in , and from her b ro ther. 
Several days la te r  she received a second set o f g ra fts  
from her b ro ther. They observed th a t the g ra fts  from the 
bro ther became in f i l t r a te d  w ith  mononuclear c e lls  and did 
not " ta ke ", and th a t the second set o f the b ro th e r's  
skin  g ra fts  were re jected  in  an accelerated fash ion . 
This was the f i r s t  demonstration o f the phenomenon o f 
"second set g ra f t  re je c t io n " , and supported an e a r lie r  
proposal by Loeb (1930) th a t i f  "immune bodies" played a 
s ig n if ic a n t pa rt in  resistance to  "homoplastic g ra ft in g " , 
then a second g ra ft  transplanted when the reaction  to  a 
f i r s t  was a t i t s  he ight should be attacked in  an 
accelerated fash ion . Gibson and Medawar described the 
second set response as occurring " in  the absence o f a 
demonstrable c e llu la r  mechanism", and suggested th a t the
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“mechanism conforms to the general pa tte rn  o f an 
antigen-antibody re a c tio n ". They also addressed the 
problem o f h is to c o m p a tib ility . At th a t time there was a 
lack o f consensus about whether blood in c o m p a tib ility  or 
tissue  in c o m p a tib ility  was the more important cause o f 
tra n sp la n t re je c t io n . However, since i t  was only then 
possib le to  match fo r  blood groups and since in  th e ir  
case study the blood groups o f donor and re c ip ie n t were 
id e n t ic a l,  they the re fo re  concluded th a t "blood 
c o m p a tib ility  is  not s u f f ic ie n t ,  and is  not known to  be 
necessary, to  ensure c o m p a tib ility  o f the s k in " .
These observations led Medawar to  undertake a de ta iled  
series o f stud ies o f skin g ra ft  re je c tio n  in  ra b b its  
(Medawar, 1944, 1945). In these, he showed th a t the
immune response to  a skin g ra ft  was a systemic, not a 
loca l response, by v ir tu e  o f the fa c t th a t ne ithe r the 
s ite  nor the o r ig in  o f the g ra ft  had any in fluence  on the 
time taken fo r  re je c t io n ; he also confirmed th a t the 
second set re je c tio n  response was donor s p e c if ic , and 
hence was not obtained w ith  a second g ra ft  taken from a 
d if fe re n t  donor to th a t o f the f i r s t .  In ad d ition  he was 
able to  postu la te  the existence o f a t le a s t seven tissue  
antigens capable o f provoking a re je c tio n  response in 
ra b b its , and suggested th a t the su rv iva l time o f the skin  
g ra ft  was an expression o f the an tigen ic  re la tio n s h ip  
between the donor and re c ip ie n t.
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These e a rly  fin d in g s  form the basis o f contemporary 
immunological dogma re la t in g  to  g ra ft  re je c tio n , namely: 
(a) th a t the g ra ft  re je c tio n  response is  s p e c if ic  fo r  the 
donor; (b) th a t i t  has memory and responds in  an 
accelerated fashion to  a second g ra ft  from the same 
donor; (c) th a t the f i r s t  set response is  p r im a r ily  a 
c e ll mediated response; and (d) th a t second set re je c tio n  
invo lves an antibody mediated response.
Follow ing on from the basic observations o f Medawar, a 
series o f major advances over the next two decades 
provided the basis fo r  our curren t understanding o f g ra ft  
re je c t io n . These included the fo llo w in g  major 
c o n tr ib u tio n s :
1) The demonstration o f a key ro le  fo r  re c irc u la tin g  
lymphocytes in  mediating both antibody responses to 
antigens, and ce ll-m ediated responses to  skin  a llo g ra f ts  
(Gowans, McGregor, Cowan e t a l , 1962).
2) The proposal th a t the g e n e tic a lly  determined 
h is to c o m p a tib ility  antigens were responsible fo r  the 
re je c tio n  o f mismatched tissues (S n e ll, 1957).
3) The demonstration (M ille r ,  1962) o f the importance o f 
thym ically-processed T c e lls  in a range o f immunological 
responses, inc lud ing  the a b i l i t y  to re je c t skin  g ra fts , 
which, w ith  the e a r lie r  observations o f Bruce C lick  in  
1954 concerning the importance o f Bursa-processed c e lls  
in  antibody responses but not skin  g ra ft  responses, 
revealed the dichotomy in the functions o f lymphocytes.
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4) The clonal d e le tion  theory o f s e lf  to lerance was
proposed to  expla in  the in a b i l i t y  to  generate
s e lf-d ire c te d  antibody responses. This was fu r th e r
developed by B illingham , Brent & Medawar (1956) w ith
th e ir  demonstration o f the induction o f neonatal 
to le rance .
1.4  Inmunogenetics o f transplantation
G ra ft re je c tio n  occurs because o f genetic d is p a r it ie s  
between in d iv id u a ls , expressed as an tigen ic  d iffe rences 
in  c e ll surface h is to c o m p a tib ility  antigens. The 
importance o f these h is to c o m p a tib ility  antigens in  g ra ft  
re je c tio n  was f i r s t  proposed by Gorer e t al (Gorer, 
Lymans & S ne ll, 1948) although i t  had long been 
recognised th a t v a r ia b i l i t y  in  the re je c tio n  response to  
transplanted tissue  was g e n e tic a lly  c o n tro lle d . For 
example, L i t t le  & Tyzzer (1916) had a ttr ib u te d  the fa te  
o f transplanted tumours in  Japanese w a ltz ing  mice to  the 
in fluence o f between 12 and 14 independent dominant genes 
acting  sim ultaneously, which are now known to  code fo r  
some o f the MHC antigens.
In c o m p a tib ility  between the g ra ft  donor and re c ip ie n t 
fo r  antigens encoded by genes o f the Major 
H is to c o m p a tib ility  Complex (MHC) is  the most important 
cause o f rap id  g ra ft  re je c t io n . Minor h is to c o m p a tib ility
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(mH) antigens encoded by genes outw ith  the MHC are 
undoubtedly weaker tra n sp la n ta tio n  antigens than MHC 
antigens, but nevertheless, in c o m p a tib ility  fo r  mH 
antigens alone may also cause g ra ft  re je c t io n , a lb e it  
usua lly  w ith  a markedly reduced tempo.
MHC antigens During the ea rly  t r i a ls  o f c l in ic a l 
tra n sp la n ta tio n , attempts were made to  " tis su e  match" the 
donor and re c ip ie n t in  order to  reduce the r is k  o f g ra ft  
re je c tio n . Serological methods were used to  type the MHC 
gene products expressed on periphera l blood leukocytes 
(Dausset, 1958). These human leukocyte antigens (HLA) 
are now known to  occur not ju s t  on leukocytes . but on 
nearly a l l  types o f nucleated c e lls ,  and are known as 
class I MHC antigens. The existence o f another group o f 
MHC antigens became apparent when i t  was found ( i n i t i a l l y  
in  mice and la te r  in  humans) th a t c e lls  from d if fe re n t 
in d iv id u a ls  which were apparently id e n tic a l on 
se ro log ica l typ ing s t i l l  responded s tro n g ly  to  each other 
when tested in  mixed lymphocyte cu ltu re . This add itio na l 
group o f MHC antigens has a more lim ite d  c e llu la r  
d is t r ib u t io n  and cons titu tes  class I I  MHC antigens.
A b e tte r understanding o f the re la tio n s h ip  between the 
complicated system o f g e n e tica lly  determined MHC antigens 
and transp la n ta tio n  responses became possib le w ith  the 
development o f h ig h ly  inbred s tra in s  o f animals. Both the 
mouse and to  a lesser extent the ra t  have been 
extensive ly  used fo r  th is  purpose.
Mouse h is to c o m p a tib ility  stud ies have had a long 
h is to ry  and the g e n e tic a lly  d if fe re n t  s tra in s  are well 
c la s s if ie d . However, the data concerning the 
immunogenetics o f tra n sp la n ta tio n  in  mice are almost 
e xc lu s ive ly  derived from skin g ra ft in g  experiments ra the r 
than tra n sp la n ta tio n  o f vascularised organ g ra fts , 
p r in c ip a lly  because o f the techn ica l cons tra in ts  imposed 
by th e ir  small s ize . The development o f appropriate 
inbred and g e n e tic a lly  c la s s if ie d  ra t s tra in s  fo llow ed 
the pioneering immunogenetic work o f Stark e t al (S ta rk, 
Kren & F renz l, 1967). This allowed the confirm ation by
Bildsoe (1972) th a t the re je c tio n  o f vascularised heart 
and renal a llo g ra fts  (as well as skin g ra fts )  in  the ra t 
was co n tro lle d  by the RT1 locus genes.
Immunogenetic studies o f tra n sp la n ta tio n  in  rodents 
have y ie lded  inva luable in form ation o f relevance to  
c l in ic a l tra n sp la n ta tio n . Nevertheless, there is  a need 
fo r  caution when attempting to  extrapo la te  the re s u lts  
obtained from rodent models. For example, organ 
tra n sp la n ta tio n  is  seldom performed across an ABO 
(e ry th rocyte  antigen) in c o m p a tib ility  because o f the 
presence o f these antigens on a l l  nucleated c e lls ,  and 
the presence o f n a tu ra lly  occurring antibodies to  fo re ign  
ABO types. Mice, however, have only a s ing le  red blood 
c e ll antigen. Rats have two red c e ll antigens but do not 
mount e ith e r a c e llu la r  or a humoral cy to to x ic  response 
against the incompatible type (Katz, L ie b e rt, G il l  e t a l ,
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1983) although they are able to  make haemagglutinating 
an tibod ies. In order to  understand the l im ita t io n s  of
animal experiments w ith  respect to  the immunogenetics o f 
tra n sp la n ta tio n  i t  is  necessary to  consider f i r s t  the 
components o f the MHC and secondly, the d iffe rences 
between species and s tra in s .
1 .4 .1  The Major H istocom patib ility  Complex
In man, the genes coding fo r  the HLA system are 
s itu a ted  on chromosome s ix , whereas the mouse MHC is  
encoded by genes located on chromosome 17 and in  the ra t ,  
the chromosome(s) bearing the e n tire  RT1 system have not 
been f u l ly  id e n t if ie d , nor has the p o s itio n  o f the RT1 
complex re la t iv e  to  the centromere been determined. The 
only lo c i p rovid ing  a reference p o in t between the species 
are the genetic markers glyoxalase 1 ( g lo l ) ,  located near 
to  the MHC region in a l l  cases, and the T / t  locus ( fo r  
ta i l le s s )  in  mice which confers growth and 
d if fe re n t ia t io n  c h a ra c te r is tic s  and appears to  be 
analogous w ith  the Grc (growth and reproduction complex) 
locus in  ra ts , though the la t te r  are located a t opposite 
ends o f the MHC region in  these two species. However, 
enough in form ation concerning the RT1 region i t s e l f  has 
been obtained to  a llow  a v a lid  comparison between these 
species. Figure 1.1 shows a comparison o f the MHC in  man, 
mouse and ra t .
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F ig . 1.1 Comparison o f the MHC o f man, mouse and r a t .
Shaded boxes represent lo c i encoding class I MHC 
antigens. Open boxes represent lo c i encoding class I I  
MHC antigens. Broken lin e s  represent lo c i encoding 
class I I I  serum p ro te in s .
1.4 .1 .1  The class I MHC region
Class I molecules in  man are encoded by the HLA-A, 
HLA-B and HLA-C locus genes. In mice the s e ro lo g ic a lly  
defined class I MHC antigens are encoded by the H-2D and 
H-2K reg ions, w ith  a possib le th ird  class I antigen, H-2L 
being encoded by a locus s itua ted  in  the D region (Hansen 
& Levy, 1978). These class I antigens are h igh ly  
polymorphic, w ith  a t lea s t 50 a lle le s  present a t both the 
K locus and a t the D locus, which d i f fe r  from each other 
in  nucleotide sequence by up to  20% (K le in , 1978). 
Another group o f class I genes located w ith in  the H-2 
region are the "thymic-leukaemia" genes which are encoded 
by the Qa-1, Qa-2 and Tla genes. These 
non-transp lan ta tion  antigens have a re s tr ic te d  
d is t r ib u t io n ,  being expressed p re fe re n t ia l ly  on 
lymphocytes, thymocytes and ce rta in  leukaemic c e lls ,  and 
are much less polymorphic.
RT1A class I gene products in the ra t are also h igh ly  
polymorphic, although probably less so than mice. 
Gunther and Stark (1979) were able to  describe more than 
17 RT1 haplotypes in  inbred ra ts  alone, although these 
haplotypes often occurred in w ild  populations a lso . RT1C 
and RT1E antigens have a more re s tr ic te d  polymorphism and 
tissu e  d is t r ib u t io n ,  and RT1C antigens are thought to  be 
somewhat analogous to  the mouse Qa and TL class I 
antigens (Stock & Gunther, 1982). C e rta in ly  they appear 
to  have a less important ro le  in  tra n sp la n ta tio n
40
responses in  th a t i t  was d i f f i c u l t  to  generate in  v i t r o  
cy to tox ic  T lymphocyte responses against RT1C d iffe rences 
(Stock & Gunther, 1982).
1 .4 .1 .2  The class I I  MHC region
In man, the class I I  genes are located in  the D region 
o f the HLA system and are organised in to  three fa m ilie s  
o f genes, DR, DQ and DP, some o f which are s e ro lo g ic a lly  
detectab le . Each fa m ily  has one or two alpha chain genes 
and two or three beta chain genes, but the chains tend to  
associate w ith  other chains w ith in  the same fa m ily  so 
th a t class I I  molecules consis ting  o f, say, a DR alpha 
chain and a DP beta chain are not expressed on the c e ll 
surface. I t  is  not known which alpha and beta chains 
give r is e  to  s e ro lo g ic a lly  detectable class I I  molecules, 
nor what determines the expression o f a p a r t ic u la r  gene.
Class I I  molecules in  the mouse have been most 
ex tensive ly  studied and are encoded by H-2 I region 
genes, denoting immune responsiveness. This term was 
coined to  id e n t ify  genes responsible fo r  the a b i l i t y  o f 
the animal to  mount a high or a low response to  in jec ted  
antigens or gra fted  a llogene ic sk in , and i t  was not c lea r 
i n i t i a l l y  whether or not they were class I genes. 
Observations based on the responses obtained in  mixed 
lymphocyte cu ltu res  in  mice suggested th a t the contro l o f 
the response was independent o f the s e ro lo g ic a lly  
determined class I antigen genes, and hence a range o f
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genes determining MLR responses were described and 
denoted la fo r  immune or I region associated genes 
(Davies, 1984). The H-2 class I I  I region genes include 
the IA, IE and IJ  lo c i ,  and have been found to  have 
d ire c t counterparts in  th a t human DR genes are analogous 
to  IE w hile  DQ are analogous to  IA genes. IJ  in  mice has 
been found to  confer a suppressor func tion  on T 
lymphocytes (Smith, Steinmetz & Hood, 1986).
RT1 class I I  antigens are encoded by genes in  the RT1B 
and RT1D regions which, by the re p e tit io n  o f experiments 
performed in  mice and w ith  the use o f the ra t  recombinant 
s tra in  r l2 ,  have been shown to  be analogous to , though 
less well understood than, the IA and IE regions 
respec tive ly  (Blankenhorn, Cecka, F re linge r e t a l , 1980; 
Lobe! & Cramer, 1981; Blankenhorn, Symington & Cramer,
1983). Their tissue  d is t r ib u t io n  is  re s tr ic te d  but 
va r ia b le , both on p a r t ic u la r  tissues and between s tra in s , 
and th is  may be a m anifestation  o f the responder s ta tus 
o f the ra t s tra in , determined by i t s  class I I  haplotype.
1 .4 .1 .3  The class I I I  MHC region
Class I I I  MHC genes encode soluble p ro te in  in  a l l  three 
species. Their products include the complement 
components C2 and C4, and fa c to r B, and the serum-borne 
sex-linked  p ro te in  in  mice. In marked con tras t to  class
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I and class I I  gene products, those o f class I I I  genes do 
not have a major ro le  to  play in  in i t ia t in g  a re je c tio n  
response to  transp lanted tissues .
1 .4 .2  Structure o f MHC antigens
1.4 .2 .1  Class I MHC antigens
The basic s tru c tu re  o f class I molecules was f i r s t  
determined in  the mouse, but shows strong conservation 
between species and consists o f two noncovalently linked  
g lycopro te in  chains which, in  man, have approximate 
molecular weights o f 45 K iloda ltons (Kd) and 12 Kd.
The sm aller g lycopro te in  chain, known as 
[32-m icroglobulin, is  not membrane bound and is  e a s ily  
d issoc ia ted , but is  thought to  be necessary fo r  tran sp o rt 
o f the class I molecule to  the c e ll surface. I t  has 
a lte red  amino acid sequences between but not w ith in  
species and is  encoded by a gene on a separate chromosome 
from th a t bearing the MHC genes.
The la rg e r chain is  a transmembrane p ro te in  bearing 
three external domains, the th ird  o f which ad jo ins the 
transmembrane region and fin ish e s  w ith  a sho rt
in t ra c e llu la r  h yd ro p h ilic  p o rtio n . The two external 
domains show high in traspecies polymorphism. I t  was 
p rev ious ly  thought th a t the a llo a n tig e n ic  s p e c if ic i ty  o f 
class I molecules was conferred, a t le a s t in  p a rt, by 
g lyco sy la tio n , but more recen tly  i t  was shown th a t c e lls  
grown in  conditions which did not perm it in s e rtio n  o f
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carbohydrate chains s t i l l  exh ib ited  a llo a n tig e n ic  
s p e c if ic i ty  and i t  became apparent th a t the polymorphism 
resided in  amino acid su b s titu tio n s  (Parham, A lp e rt, Orr 
e t a l , 1977; Ploegh, Orr & Strominger, 1980).
The degree o f in traspec ies  polymorphism also shows 
considerable v a r ia t io n . For example in  the mouse, K and 
D region products d i f fe r  by up to  20% (Smith e t a l , 1986) 
whereas a class I region in  the ra t has re ce n tly  been 
shown to  encode fo r  approximately s ix  class I gene 
products which apparently d i f fe r  by as l i t t l e  as a s ing le  
amino acid ( G i l l ,  Kunz, Misra e t a l , 1987).
1 .4 .2 .2  Class I I  MHC antigens
Class I I  MHC antigens d i f fe r  s t ru c tu ra l ly ,  fu n c tio n a lly  
and in tissue  d is t r ib u t io n  from class I molecules 
although, l ik e  class I molecules, they re ta in  a s im ila r  
basic s tru c tu re  between species. They cons is t o f two 
non-cova lently  bound polypeptide chains (o f approximate 
molecular weight 33 and 28 Kd) both tra ve rs ing  the c e ll 
membrane. Both chains are g lycosylated and have two 
e x tra c e llu la r  domains, one transmembrane domain and a 
h yd ro p h ilic  in t ra c e llu la r  domain. I t  is  thought th a t the 
shorte r chain is  the more polymorphic, p rov id ing  a l io -  
an tigen ic  s p e c if ic ity  which resides in the polypeptide 
ra th e r than the carbohydrate moeity (C u llen , Freed, 
Atkinson e t a l , 1975). The class I I  MHC gene products
are encoded by the DR, DP and DQ lo c i in  man, the IA, IE
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and IJ region genes in  the mouse, and the B and D locus 
genes in  the ra t .  Their tissue  d is t r ib u t io n  is  much more 
re s tr ic te d  than th a t o f the ub iqu itous class I molecules 
in  th a t they are expressed only on B lymphocytes, 
macrophages and monocytes, and in  high density  on 
d e n d r it ic  c e lls .  They are also present on ac tiva ted  T 
lymphocytes, and on some e p ith e lia l and endo the lia l c e lls  
where th e ir  expression is  va riab le  and ind u c ib le .
1 .4 .3  Role o f the MHC in transplantation
The b io lo g ic a l ro le  o f MHC molecules is  to  act as 
" re s t r ic t io n  elements" in  provid ing a means fo r  ra p id ly  
d is tin g u ish in g  " s e lf "  from "n o n -se lf" or "a lte re d  s e lf " .  
Thus, MHC molecules func tion  to  d ire c t T lymphocyte 
in te ra c tio n s  w ith  fo re ign  antigens which are recognised 
as pa rt o f an MHC-antigen complex. The two major classes 
o f MHC gene products p re fe re n t ia lly  d ire c t the two main 
fun c tio n a l classes o f T lymphocytes, in  th a t cy to to x ic  T 
c e lls  genera lly  recognise antigens associated w ith  class 
I MHC molecules whereas helper T c e lls  predominantly 
recognise antigens associated w ith  class I I  MHC molecules 
(Bach, Bach & Sonde!, 1976; M il le r ,  Vadas, Whitelaw e t
a l,  1976).
In the context o f tra n sp la n ta tio n , the MHC gene 
products are o f c r i t ic a l  importance because T c e lls  also 
respond to  a llogene ic forms o f MHC molecules in  the 
absence o f added antigen. Indeed, the frequency o f T
45
c e lls  which respond to  fo re ign  MHC molecules is  very much 
greater than the frequency o f T c e lls  responding to  
conventional antigen and s e lf  MHC (W ilson, Howard & 
Nowell, 1972) although the reasons fo r  th is  are not 
completely understood (Marrack & Kappler, 1988).
In general, a llo g ra fts  d if fe r in g  a t the e n tire  MHC w i l l  
be ra p id ly  re jected  i f  transplanted in to  unmodified 
re c ip ie n ts  although, as w i l l  be seen, there may be 
d iffe rences in  the tempo o f the re je c tio n  response 
depending on the nature o f the tissue  transp lanted 
(Warren, Lofgreen & S te inm ulle r, 1973) and the p a r t ic u la r  
s tra in  combination examined. Both class I and class I I  
MHC gene products are able to  provoke strong tra n sp la n t 
responses and lead to  rap id  g ra f t  re je c t io n . This is  
c le a r ly  demonstrated by experiments in  which g ra fts  
between inbred animals d if fe r in g  a t iso la ted  class I MHC 
or class I I  MHC antigens only have been shown to  undergo 
rap id  re je c tio n  in  unmodified re c ip ie n ts  (Katz e t a l , 
1983; Burdick & Clow, 1986).
1 .4 .4  Role o f non-MHC antigens in transplantation
The id e n t if ic a t io n  o f non-MHC antigens as "m inor" 
tra n sp la n ta tio n  antigens is  a misnomer, since congenic 
mice may re je c t skin  g ra fts  which d i f fe r  on ly fo r  mH 
antigens a t a ra te  comparable w ith  th a t seen in  MHC 
d isparate g ra fts  (Schu ltz, Beals & P e tra it is ,  1976). In 
c l in ic a l tra n sp la n ta tio n , g ra fts  performed between
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s ib lin g s  id e n tic a l a t the major h is to c o m p a tib ility  lo c i 
s t i l l  requ ire  immunosuppressive treatm ent to  prevent 
re je c tio n  due to  non-MHC in c o m p a tib ilit ie s . An example o f 
non-MHC antigens is  Epa-1 which is  a tissue  s p e c if ic  
antigen, the expression o f which is  re s tr ic te d  to 
epidermal c e lls  in mice, ra ts  and man (S te inm ulle r & 
T y le r, 1983). Epa-1 in c o m p a tib ility  re s u lts  in  skin 
g ra ft  re je c tio n  and the generation o f Epa s p e c if ic  
c y to to x ic  T lymphocytes. The work o f T y le r e t al (T y le r, 
Gal 1i , Snider e t a l , 1984) provided an example o f how 
minor h is to c o m p a tib ility  (mH) antigens are recognised in
the context o f s e lf  MHC, and also th a t re a c t iv ity  to  mH
antigens is  MHC re s tr ic te d . They ra ised clones o f Epa 
s p e c if ic  cy to to x ic  T c e lls  which caused skin  les ions when 
in je c te d  in trade rm a lly  in to  Epa incompatible mice only 
i f  th e ir  MHC was id e n tic a l to th a t in which the clone was 
ra ised .
Although less well defined, non-MHC antigens in  ra ts  
are equa lly  important in  tra n sp la n ta tio n . One example 
whereby non-MHC in c o m p a tib ility  may lead to  g ra ft  
re je c tio n  in  ra ts  was described by Paul & Carpenter 
(1983). They presensitised MHC compatible re c ip ie n ts  to
an endo the lia l antigen, and subsequently were able to
demonstrate acute re je c tio n  o f an endo the lia l antigen 
incompatible kidney g ra ft .  In summary, th e re fo re , the 
so -ca lled  minor h is to c o m p a tib ility  antigens may p lay a
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s ig n if ic a n t ro le  in g ra ft  re je c tio n  and although they are 
probably less im portant in  th is  respect than MHC 
antigens, they cannot be ignored.
1 .4 .5  Role o f irnnune response genes in transp lantation
Immune response ( I r )  genes contro l the magnitude and 
s p e c if ic i ty  o f immune responses to  p a r t ic u la r  antigens, 
and may be MHC linked  or non-MHC lin ke d . McDevitt and 
colleagues f i r s t  observed the in fluence o f I r  genes in 
the s tra in -assoc ia ted  v a r ia b i l i t y  o f antibody responses 
in  mice challenged w ith  a range o f syn the tic  antigens 
(T,G)-A-L, (H,G)-A-L and (Phe,G)-A-L. They were able to
demonstrate the h igh ly  s p e c if ic  nature o f I r  gene contro l 
since H-2^ mice were high responders to  (T,G)-A-L 
and low responders to  (H,G)-A-L, w hile  H-2^ mice 
showed rec ip roca l responses, and both s tra in s  were high 
responders to  (Phe.G)-A-L (M cDevitt, Deak, S c h re ffle r  e t 
a l , 1972). The a b i l i t y  o f d if fe re n t s tra in s  to  respond
to  these antigens mapped not to  the s e ro lo g ic a lly  
detectable  regions o f the MHC but to  the H-2 I reg ion.
In add ition  to  I r  genes associated w ith  the MHC, there 
are also I r  genes which are not in h e rite d  in  associa tion  
w ith  MHC genes, but which can determine the resistance o f 
animals to  in fe c tio u s  organisms, o ften by coding fo r  
mechanisms such as the a b i l i t y  o f macrophage enzymes to  
in h ib i t  in t ra c e llu la r  re p lic a tio n  o f organisms. Thus two
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d if fe re n t s tra in s  o f mice sharing the same H-2 haplotype 
may d i f fe r  in th e ir  resistance to  a p a r t ic u la r  organism 
(Krco & David, 1981).
In the context o f tra n p la n ta tio n , the MHC lin ked  immune 
response genes may determine not only the magnitude and 
s p e c if ic i ty  o f the response to  fo re ign  antigens, but also 
the type o f response, and i t  may be hypothesised th a t an 
animal which is  unable to  mount an observable cy to to x ic  
c e ll mediated response can instead mount a potent 
a llo an tibo dy  response and e ffe c t re je c tio n  in  conjunction 
w ith  nonspecific  e ffe c to r  c e lls  v ia  an antibody-dependent 
ce ll-m ediated c y to to x ic ity  response.
There are several examples in animal experiments in  
which apparently incons is ten t responses to  transp lanted 
tissues can be a ttr ib u te d  to  the in fluence o f I r  genes. 
In some s tra in  combinations, f u l ly  a llogene ic  ra t l iv e r  
g ra fts  are spontaneously accepted w ith  no g ra f t  re je c tio n  
(Zimmerman, Butcher, Davies e t a l , 1979). The tempo o f 
a llo g ra f t  re je c tio n  also appears to  be determined by the 
immune response genes. In the ra t ,  fo r  example, the 
RT1C haplotype re je c ts  MHC “ a" haplotype skin g ra fts  
s low ly , w hile  the RT1U haplotype mounts a vigorous 
re je c tio n  response (Butcher & Howard, 1982). I t  might be 
concluded th a t the class I I  locus is  more im portant in 
re je c tio n  since g ra fts  between recombinants d if fe r in g  
only a t a class I locus antigen, but sharing class I I  and 
minor h is to c o m p a tib ility  antigens are re jected  s low ly or
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not a t a l l ,  (Lowry, Forbes, Blackburn e t a l , 1985). 
However, i t  appears th a t the re je c tio n  o f g ra fts  
d if fe r in g  a t a class I locus alone may be determined 
ove ra ll by the immune response genes because iso la te d  
class I incompatible g ra fts  on a “ low responder" 
background such as RT1C do not re je c t ,  w hile  class I 
incompatible g ra fts  on a high responder background 
(RT1C/ U) are re jected  ra p id ly  (Butcher, Corvalan, 
License e t a l , 1982).
Like MHC antigens, responses to  non MHC antigens also 
appear to  be under I r  gene c o n tro l, and th is  has been 
studied most extens ive ly  by observing responses to  the 
male re s tr ic te d  non-MHC antigen H-Y (F ie rz , Brenan, 
Mullbacher e t a l , 1982). In te re s tin g ly , H-2*3 mice
respond to  H-Y antigens in  th a t they re je c t H-Y 
incom patible skin g ra fts  although they do not mount a T 
cy to to x ic  c e ll response (detectab le  in  in  v i t r o  s tu d ie s ). 
Conversely, mouse s tra in s  o f H-2 haplotypes k, d and s do 
not re je c t H-Y incompatible skin g ra fts , although they 
can to  some extent ra ise  cy to to x ic  T c e ll responses. I t  
has been suggested th a t the H-Y I r  genes operating 
here act a t the induction o f the immune response, and 
are both H-2 and non-H-2 I r  genes (Loveland & Simpson, 
1986).
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1 .4 .6  Tissue d is trib u tio n  o f MHC antigens
Since MHC antigens are the major stim ulus o f the g ra ft  
re je c tio n  response, the density  and pa tte rn  o f MHC 
expression by the d if fe re n t  c e llu la r  components o f an 
a llo g ra f t  is  o f obvious importance. In most species, MHC 
class I antigens are expressed s tro n g ly  on in t e r s t i t ia l  
d e n d r it ic  and vascular endothe lia l c e lls ,  and on most 
other c e lls  o f the body. The c e llu la r  expression o f 
c o n s titu tiv e  class I I  MHC antigens, however, shows a much 
greater re s t r ic t io n  and there are p o te n t ia lly  im portant 
in traspec ies  d iffe rences . In the human kidney, class I I  
MHC antigens are expressed s tro n g ly  on the vascular 
endo the lia l c e lls  o f a l l  vessels and on in t e r s t i t ia l  
d e n d r it ic  c e lls  (H art, Fuggle, W illiam s e t a l , 1981). 
They are also expressed by proximal renal tubu la r c e lls  
but are absent from d is ta l renal tub u la r c e lls  (Fuggle, 
E r ra s t i , Daar e t a l , 1983).
In co n tras t, w ith in  ra t kidneys the vascular 
endothelium does not c o n s t itu t iv e ly  express detectable 
class I I  MHC antigens, although these are s trong ly  
expressed by in t e r s t i t ia l  d e n d r it ic  c e lls  and are also 
present on the proximal renal tubules o f most s tra in s  
studied (Hart & Fabre, 1981a, 1981b).
The d iffe re nce  in  class I I  MHC antigen expression by 
vascular endothelium between human and ra t kidneys has 
p o te n tia l im p lica tio ns  when comparing renal a llo g ra f t  
re je c tio n  in  these species. For example, i t  has been
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suggested as an explanation fo r  the re la t iv e  ease w ith  
which ra t kidney a llo g ra f ts ,  in  some s tra in  combinations, 
can be prevented from undergoing re je c tio n  by a s ing le  
in je c tio n  o f donor s tra in  a lloan tibody  (passive 
enhancement) whereas, by comparison, the expression o f 
class I I  MHC antigens by human kidney vascular 
endothelium may prevent permanent acceptance o f the g ra ft  
unless immunosuppressive therapy is  continued 
in d e f in ite ly  (Fabre, 1982).
Not a l l  in ve s tig a to rs , however, agree th a t ra t vascular 
endo the lia l c e lls  do not express detectable class I I  MHC 
antigens. In p a r t ic u la r ,  Paul (Paul & Carpenter, 1983), 
using ra t a llo a n tis e ra  d irected  against class I I  IA - lik e  
antigens, reported demonstrable s ta in in g  o f ra t vascular 
endothelium, suggesting th a t class I I  MHC antigens were 
indeed present. An explanation o ffe red  fo r  th is  
apparent anomaly was th a t class I I  antigen expression in  
v ivo  might be va riab le  and sub ject to reg u la ting  
mechanisms. Further discrepancies in the large amount o f 
class I I  antigens detected in homogenates o f ra t  kidneys 
by absorption studies (Hart & Fabre, 1979) compared w ith  
the small amount detected by absorption stud ies o f in ta c t 
v iab le  kidney c e lls  (Mason & G a llico , 1978) h ig h ligh ted  
an im portant po in t concerning the d is t r ib u t io n  o f class 
I I  antigens. Hayry e t a l , using a se n s itive  Staph, 
aureus binding assay, demonstrated th a t only a 
p roportion  o f detectable class I I  antigens were expressed
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on the surface o f c e lls ,  and the re fo re  the in t ra c e llu la r  
class I I  antigens, such as those o f the proximal 
tubu les, were not a va ilab le  fo r  presentation to  the 
host (Hayry, von W illebrand & Andersson, 1980; 
Lautenschlager, Nyman, Vaananen e t a l , 1983). These
numerous apparent discrepancies in  the l i te ra tu re  
concerning the expression o f MHC antigens on various 
tissues in  d if fe re n t species resu lted  in  a c r i t ic a l  
reassessment o f previous experiments, and the in i t ia t io n  
o f fu r th e r  care fu l stud ies from which a pa tte rn  began to 
emerge.
1 .4 .7  Induction o f MHC antigens in re jec tin g  a llo g ra fts
The re su lts  o f immunonistological stud ies over the la s t  
several years have now c le a r ly  shown th a t the expression 
o f class I I ,  and more recen tly  class I ,  MHC antigens 
w ith in  a tissue  is  not predetermined and th a t under 
ce rta in  conditions MHC expression may be markedly 
increased. An e a rly  report (Lampert, S u itte rs  & 
Chisholm, 1981) showed th a t during g ra ft-ve rsu s -ho s t 
reactions in ra ts , epidermal c e lls  which do not 
c o n s t itu t iv e ly  express class I I  MHC antigens became 
s tro n g ly  class I I  p o s it iv e . This observation was 
fo llow ed by reports in  both mice and ra ts  th a t 
endo the lia l c e lls  and kera tinocytes in  skin  a llo g ra f ts  
undergoing re je c tio n  were induced to  express class I I  MHC 
antigens (de Waal, Bogman, Maass e t a l , 1983; Daliman &
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Mason, 1983). In c l in ic a l  organ transp lan ta tion ,, 
increased HLA-DR expression on renal tubu la r c e l ls  was 
demonstrated in biopsies o f renal transp lan ts  taken 
during re je c t io n  episodes (H a l l ,  Duggin, P h i l ip s  e t a l ,
1984).
Experimental models o f vascularised a l lo g ra f ts  
undergoing unmodified re jec t io n  in rodents have a l l  shown 
marked induction o f class I I  MHC antigens w ith in  the 
re je c t in g  t issue . Benson e t al described the induction of 
large amounts o f newly induced donor type la antigen in 
tubu la r and glomerular c e l ls  in transplanted a llogeneic 
mouse kidneys (Benson, Colvin & Russell, 1985). This 
occurred in the absence o f re c ip ie n t  class I I  antigen 
induction in the re c ip ie n t 's  remaining native kidney, 
demonstrating the very loca lised  induction o f antigen 
associated w ith  the re je c t io n  response.
M ilton  & Fabre have recently  described in d e ta i l  the 
induction o f MHC antigens i n i t i a l l y  in re je c t in g  ra t  
heart (M ilton & Fabre, 1985) and subsequently in 
re je c t in g  ra t  kidney a l lo g ra f ts  (M ilton , Spencer & Fabre, 
1986a). With the use of monoclonal antibodies d irected 
against polymorphic determinants o f both class I and 
class I I  MHC antigens i t  was possible to demonstrate 
widespread increased expression o f MHC antigens on donor 
tissues alone, since i n f i l t r a t i n g  host leukocytes were 
not labe lled  by these antibodies. They showed th a t 
myocardial c e l ls  which normally express l i t t l e  or no
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class I MHC antigens and no class I I  MHC antigens became 
strong ly  p o s it ive  fo r  both antigens as re je c t ion  
progressed. In ad d it ion , vascular endothelia l c e l ls  in 
both hearts and kidneys became s trong ly  class I I  
p o s it ive . These f ind ings  were confirmed by q u a n t ita t ive  
absorption analysis o f the MHC antigen expression in 
re je c t in g  a l lo g ra f ts  which showed several fo ld  increases 
in the amounts o f both class I and class I I  MHC antigens 
in  re je c t in g  hearts and kidneys. I t  cannot be assumed, 
however, th a t a l lo g ra f t  re je c t io n  is  inva r ia b ly  
associated w ith ubiquitous MHC antigen induction , since a 
recent paper by Forbes and colleagues described the 
re je c t io n  o f ACI cardiac a l lo g ra f ts  by BN ra ts  in the 
absence o f donor MHC class I I  expression on e ith e r  
vascular endothelium or cardiac muscle c e l ls  (Forbes, 
Parfrey, Gomersall e t a l , 1986).
In add it ion  to heart and kidney a l lo g ra f ts ,  other 
vascularised organ a l lo g ra f ts  also show MHC antigen 
induction during re jec t io n  although the d i f fe re n t  g ra f t  
components d i f f e r  in th e i r  response. For example 
re je c t in g  ra t  pancreas a l lo g ra f ts  show widespread class 
I I  antigen induction on acinar c e l ls ,  pancreatic duct 
epithelium and vascular endothelium, although the is le ts  
o f Langerhans remain class I I  negative (S te in ige r, 
Klempnauer & Wonigeit, 1985). S im ila r ly ,  re je c t in g  human 
and ra t  l i v e r  a l lo g ra f ts  show strong induction o f class
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I I  MHC antigens on the b i le  duct ep ithe lium  (Takacs, 
Szende, Rot e t a l , 1985) although hepatocytes remain 
class I I  negative.
The induction o f MHC antigens on the c e l lu la r  
components o f re je c t in g  a l lo g ra f ts  is  almost c e r ta in ly  
due to soluble mediators released from g ra f t  i n f i l t r a t i n g  
leukocytes. I t  is  well known th a t soluble mediators, 
such as alpha and beta in te rfe rons  produced by a wide 
v a r ie ty  o f c e l l  types, have the capacity to  induce class
I expression on c e l ls  in v i t r o , while gamma in te r fe ron  
(IFN-B), produced by activa ted T lymphocytes, causes the 
induction in v i t r o  and in vivo o f both class I and class
I I  MHC antigens (Fellous, N ir ,  Wallach e t a l , 1982; Wong, 
Clark-Lewis, Harris e t a l , 1984; Basham, Smith, Lanier e t 
a l , 1984). I t  has been suggested th a t an important ro le  
o f IFN-B production is  to enhance the func tion  o f 
immunological e f fe c to r  c e l ls  by improving the in te ra c t io n  
between the antigen presenting ta rg e t c e l ls  and the 
e f fe c to r  T lymphocytes, in which the expression o f class 
I I  MHC antigen is  essentia l (Farra r, Johnson & Farrar, 
1981; Arenzana-Seisdedos, V i r e l i z ie r  & F ie rs , 1985; 
Kelley, Fiers & Strom, 1984). This class I I  antigen 
expression may be c o n s t i tu t iv e ,  but is  p a r t ic u la r ly  
susceptib le to  induction by IFN-B espec ia lly  on 
macrophages/monocytes, f ib ro b la s ts  and endothelia l c e l ls
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(Steeg, Moore, Johnson e t a l , 1982; Pober, Gimbrone,
Cotran e t a l , 1983; Pober, C o ll in s , Gimbrone e t a l ,
1983).
Furthermore, i t  might be suggested th a t lymphokine 
production during the re je c t io n  response increases donor 
MHC antigen expression which, in tu rn ,  renders the 
transplanted tissue more susceptib le to  the re je c t io n  
response. This suggestion is  supported by the re su lts  o f 
experiments in which the e f fe c t  o f a l te r in g  MHC 
expression by, fo r  example, IFM-if or s te ro id  treatment, 
has been examined.
1 .4 .8  Reduction of MHC antigen expression
Following th e i r  demonstration o f widespread MHC antigen 
induction in re je c t in g  ra t  heart and kidney a l lo g ra f ts ,  
M ilton  & Fabre subsequently showed th a t  prevention o f 
re je c t io n  by adm in is tra tion  o f CyA was associated with 
only s l ig h t  induction o f class I MHC antigens and absence 
o f class I I  antigen induction (M ilton , Spencer & Fabre, 
1986b). This followed a suggestion by Groenewegan e t al 
th a t co n s t i tu t iv e  MHC class I I  antigen expression by 
vascular endothelium in vivo was dependent on IFN-tt, 
since they were able to demonstrate th a t  class I I  
expression disappeared from kidney endothe lia l c e l ls  o f 
dogs in  which lymphokine production was in h ib ite d  by 
treatment w ith Cyclosporin A (Groenewegan, Buurmnan & van 
der Linden, 1985).
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Leszczynski e t al found th a t  a s ing le  in je c t io n  o f 
IFN-ff caused a marked increase in class I I  expression by 
ra t  renal endothelia l c e l ls  which was e n t i r e ly  abolished 
by three d a i ly  doses o f methylprednisolone (Leszczynski, 
Ferry, Schellekens e t a l , 1986); while the continuous
local in fus ion  o f s tero ids also prevented MHC antigen 
induction in ra t  renal a l lo g ra f ts  (Ruers, Buurman, van 
Boxtel e t a l , 1987).
These find ings  were contradicted, however, by the 
demonstration th a t in vivo adm in is tra tion  o f IFN-tf by 
continuous in fus ion  (Ijzermans, Bouwman, de Bruin e t a l , 
1987) did not re s u lt  in increased class I I  expression in 
a l lo g ra f te d  ra t  heart t issues nor did i t  a l t e r  g ra f t  
su rv iva l time.
1 .4 .9  S u scep tib ility  o f d iffe re n t tissues to  re jec tio n
MHC antigen expression is  not the only fa c to r  th a t  
influences the s u s c e p t ib i l i t y  o f a p a r t ic u la r  t issue  to 
the re je c t io n  response. I t  is  well known th a t w ith in  a 
p a r t ic u la r  s t ra in  combination d i f fe re n t  t issues re je c t  a t 
d i f fe re n t  rates ( fo r  example, Warren e t a l , 1973) and 
there may be a number of explanations fo r  th is .  A 
p r im a r i ly  vascularised organ a l lo g ra f t  may be more 
in s ta n t ly  immunogenic to the re c ip ie n t since there w i l l  
be immediate contact between donor antigens and 
c i rc u la t in g  -host immune c e l ls .  A skin g ra f t ,  by 
con trast, is  not immediately vascularised, but eventually
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develops a blood supply provided by the growth o f host 
and not donor vessels, so th a t the m a jo r ity  o f vascular 
endothelia l c e l ls  w i l l  express syngeneic and not
a llogeneic MHC antigens.
Heart a l lo g ra f ts  sometimes appear to  be less
susceptib le to re je c t io n  than kidney a l lo g ra f ts ,  and th is  
may be a t t r ib u te d  to the fa c t  th a t they express lower 
leve ls  o f class I and class I I  MHC antigens (Hart & 
Fabre, 1979). However, l i v e r  a l lo g ra f ts  which express 
large amounts o f class I antigens but l i t t l e  class I I ,  
are also r e la t iv e ly  less susceptib le than kidneys to 
a l lo g r a f t  re je c t io n , and in some f u l l y  a llogene ic s t ra in  
combinations are accepted in d e f in i t e ly  (Kamada, 1985). 
One explanation may be th a t l i v e r  a l lo g ra f ts  are accepted 
p a r t ly  because o f th e i r  large s ize , and the very large
amounts o f a lloantigen they contain simply overwhelm the 
r e c ip ie n t s  immune system.
1.5 C e llu la r pathways o f g ra ft  re jec tio n
The remainder o f th is  in troduc tion  reviews the c e l lu la r  
mechanisms which underly the re je c t io n  o f an a l lo g ra f t .  
The data discussed are derived, fo r  the most p a r t ,  from
rodent models o f g ra f t  re jec t io n  and, wherever possib le,
the experiments described re la te  s p e c i f ic a l ly  to  renal 
a l lo g ra f t  re je c t io n .
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I t  is  convenient and conventional to consider the 
process whereby a vascularised a l lo g ra f t  undergoes 
re je c t ion  as comprising three phases (Mason & M orris , 
1986). During the f i r s t  or a f fe re n t phase o f g ra f t  
re je c t io n ,  g ra f t  a lloantigens are presented by e ith e r  
donor or host s tra in  antigen presenting ce l ls  and induce 
an immune response by the host's  antigen reactive  
lymphocytes. Immune induction is  followed by the second 
or central phase o f re je c t io n .  This phase encompasses 
the lymphocyte-lymphocyte in te ra c t io n s , p ro l i fe ra t io n  and 
clonal expansion which occur in both the c i rc u la t in g  and 
sess ile  lymphocyte populations w ith in  the lymphoid t issue  
o f the re c ip ie n t .  During the th i r d ,  or e ffe re n t phase o f 
g ra f t  re je c t io n ,  e f fe c to r  c e l ls  (and a lloant ibody) are 
released in to  the e ffe re n t lymph and th e re a f te r  reach the 
g ra f t  v ia  the systemic c i rc u la t io n .  Here the e f fe c to r  
mechanisms cause the tissue destruction  which 
characterises g ra f t  re je c t io n .  These three phases w i l l  
be considered in d e ta i l .
1 .5 .1  A fferen t phase o f g ra ft re jec tio n
I t  is  genera lly  accepted th a t the immune response to 
conventional p ro te in  antigens usually  (but not always) 
involves the processing o f the antigen by antigen 
presenting c e l ls  p r io r  to the induction o f  an immune 
response. Hence, although some small an tigenic peptides 
may be recognised d i r e c t ly  by T c e l ls  (Kovac & Schwartz,
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1985), most an tigen ic  prote ins are in te rna l ise d  and 
re-expressed on the surface o f an antigen presenting ce l l  
in close association w ith  a s e l f  MHC molecule, and th is  
antigen-MHC complex acts as the ligand fo r  the alpha-beta 
receptor o f the T c e l l  (Shimonkevitz, Kappler, Marrack e t 
a l , 1983). In the context o f t ransp lan ta t ion , re c ip ie n t
T c e l ls  respond to a llogeneic MHC molecules in the 
absence o f fo re ign antigen.
When the antigen consists o f MHC a lloantigens expressed 
on donor s t ra in  antigen presenting c e l ls ,  these may 
d i r e c t ly  ac tiva te  host antigen reactive  c e l ls  e ith e r  
w ith in  the g ra f t  o r, conceivably, when the antigen 
presenting c e l ls  have migrated to the re c ip ie n t  lymphoid 
t issu e . A l te rn a t iv e ly ,  antigen ic  materia l shed by the 
g ra f t  may be processed and presented by re c ip ie n t  antigen 
presenting c e l ls ,  thereby i n i t i a t i n g  g ra f t  re je c t io n .
With vascularised a l lo g ra f ts ,  there is  no consensus 
regarding whether sen s it isa t io n  to donor MHC antigens 
occurrs predominantly w ith in  the g ra f t  or w ith in  the 
dra in ing lymph nodes. With regard to  the route of 
s e n s it is a t io n ,  a d is t in c t io n  can be made between skin 
and vascularised a l lo g ra f ts .  Skin a l lo g ra f ts  are 
transplanted as free , non-vascularised g ra f ts ,  and while 
the lymphatic drainage o f the g ra f t  is  ra p id ly  restored, 
i t  takes several days before the vascular supply is  
re -estab lished. The importance o f the lymphatic drainage 
to the a ffe re n t phase o f skin g ra f t  re je c t io n  is
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i l lu s t r a te d  by experiments in which skin a l lo g ra f ts ,  
which have a vascular supply but are prevented from 
re -es tab lish ing  lymphatic connections (by supporting the 
skin on an impenetrable pe d ic le ) ,  show prolonged surv iva l 
(Barker & Bill ingham, 1968). This observation contrasts 
with s im ila r  experiments in vascularised organ a l lo g ra f ts  
where d ivers ion o f the lymphatic connections away from 
the g ra f t  does not prolong g ra f t  surv iva l (Pedersen & 
Morris , 1970).
Regardless o f the mechanism by which the host 
recognises the g ra f t  as fo re ign , the presence w ith in  the 
g ra f t  o f  parenchymal c e l ls  which express MHC antigens may 
not, in  i t s e l f ,  be s u f f ic ie n t  to i n i t i a t e  g ra f t
re je c t io n .  L a f fe r ty  e t al proposed a "two s igna l"  model 
fo r  the i n i t i a t i o n  o f g ra f t  re je c t io n  (L a f fe r ty ,  Prowse, 
Simeonovic e t a l , 1983). In th is  scheme, recogn ition  o f
fore ign MHC antigens on parenchymal c e l ls  alone does not 
provoke a re je c t io n  response. Instead, presentation of 
fo re ign  MHC antigens by a c e l l  th a t can also d e live r  
"co-s t im u la to ry  a c t iv i t y "  is  necessary to  i n i t i a t e  
re je c t io n .  The evidence supporting th is  two signal 
theory is  based la rge ly  on in v i t r o  experiments 
demonstrating, fo r  example, tha t m e tabo lica lly  active  
c e l ls  are required to  stimulate a lloantigen  reactive  T 
ce l l  responses. K i l le d  c e l ls ,  although they express MHC 
antigens, are unable to do so ( fo r  example, 
L indah l-K iess ling  & Safwenberg, 1971). Further
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supportive evidence is  provided by the observation th a t 
c e l ls  such as e rythrocytes, p la te le ts  and f ib ro b la s ts  are 
unable to s tim ula te  a llogeneic lymphocyte responses 
despite expressing MHC antigens on th e i r  c e l l  membranes.
1 .5 .2  Role o f donor s tra in  den dritic  c e lls  in  the 
a ffe re n t phase
There is  l i t t l e  doubt th a t the major immunogenic 
component o f a vascularised a l lo g ra f t  resides in the 
bone-marrow derived i n t e r s t i t i a l  d e n d r i t ic  c e l ls  which 
are widely d is t r ib u te d  throughout the t issue . These 
c e l ls  are present in large numbers scattered throughout 
the parenchyma o f a l l  commonly transplanted organs . 
They have a s t r ik in g  branched morphology, express large 
amounts o f both class I and class I I  MHC antigens, and 
are potent antigen presenting c e l ls  as well as 
s t im u la tors  o f the in v i t r o  mixed lymphocyte reaction 
(Steinman & Witmer, 1978; Mason, Pugh & Webb, 1981).
I t  is  not a new concept tha t bone-marrow derived c e l ls  
o f donor o r ig in  occurring w ith in  the gra fted t issue 
provide the major immunogenic stimulus (S ne ll ,  Dausset & 
Nathenson, 1976). However, in e a r l ie r  studies i t  was 
generally believed th a t th is  immunogenicity resided in 
blood leukocytes remaining w ith in  the vasculature and 
tissue  spaces o f the donor organ a f te r  harvesting and 
th a t these leukocytes were carr ied  over in to  the 
re c ip ie n t o f the g ra f t  -  hence the term "passenger
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leukocyte". An important ro le  fo r  passenger leukocytes 
in g ra f t  re jec t io n  was demonstrated by Guttman, 
L indquist & Ockner, (1969) using a ra t  renal a l lo g ra f t  
model in  which rad ia tion  bone marrow chimaeric ra ts  were 
used as kidney donors so th a t the bone marrow derived 
c e l ls  were syngeneic with the g ra f t  re c ip ie n t .  They 
showed convincingly th a t whereas the unaltered donor 
kidney was ra p id ly  re jected by the host, the chimaeric 
kidneys in which the passenger leukocytes were syngeneic 
w ith the host had good renal function  on day 7 and l i t t l e  
h is to lo g ica l evidence o f re je c t io n .  Unfortunately, no 
surv iva l data were presented, and no attempts were made 
to determine the degree o f chimaerism o f the donor 
kidneys.
S im ila r experiments by Stuart (S tua rt, Bastien, Holter 
e t a l , 1971) also demonstrated a convincing ro le  fo r
passenger leukocytes in g ra f t  re je c t io n .  In add it ion  to 
using rad ia t io n  chimaeras, they also transplanted donor 
kidneys in to  immunosuppressed intermediate hosts which 
were syngeneic with the eventual re c ip ie n t  animals. 
During i t s  residence in the intermediate host i t  was 
expected th a t passenger leukocytes would be elim inated 
from the g ra f t  p r io r  to i t s  re transp lan ta tion . Again i t  
was demonstrated th a t reduction or e lim ina t ion  o f 
passenger leukocytes s ig n i f ic a n t ly  prolonged g ra f t  
surv iva l although permanent surv iva l was by no means 
always obtained.
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More recently , immunohistological studies demonstrated 
th a t s trong ly  class I I  MHC antigen p o s it ive , bone marrow 
derived, i n t e r s t i t i a l  d e nd r i t ic  c e l ls  were widespread 
throughout a l l  t issues , w ith the exception o f the nervous 
system (Hart & Fabre, 1981c; Daar, Fuggle, Fabre e t a l ,
1984). Simultaneously, i t  was rea lised  th a t the 
presence o f these c e l ls  w ith in  the g ra f t  accounted fo r  
the immunogenic p roperties previously a t t r ib u te d  more 
broadly to passenger leukocytes. The importance of 
i n t e r s t i t i a l  d e n d r i t ic  c e l ls  in g ra f t  re je c t io n  was shown 
by Lechler & Batchelor (1982) in an elegant series o f 
experiments. They transplanted donor ra t  kidneys to an 
intermediate host syngeneic w ith the eventual re c ip ie n t  
and prevented g ra f t  re je c t io n  by pretreatment o f the 
intermediate host w ith  donor a lloan tibody (passive 
enhancement). Several weeks la te r ,  by which time the 
donor s tra in  d e n d r i t ic  c e l ls  were judged to have been 
replaced by those o f re c ip ie n t o r ig in ,  the transplanted 
kidney was retransplanted to a fresh unmodified 
a llogeneic re c ip ie n t .  Although the second re c ip ie n t  was 
unable to re je c t  the renal a l lo g ra f t ,  the simultaneous 
in je c t io n  o f a small number (10^) o f donor s tra in  
d e n d r i t ic  ce l ls  was s u f f ic ie n t  to restore g ra f t  
re je c t io n .
A fu r th e r  demonstration th a t i n t e r s t i t i a l  d e n d r i t ic  
c e l ls  play a key ro le  in  g ra f t  re je c t ion  is  provided by 
experiments in which a llogeneic t issue  (most often
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iso la ted pancreatic is le ts  or thyro id  fragments) is  
cultured under in v i t r o  conditions aimed a t s e le c t iv e ly  
e lim ina t ing  passenger leukocytes. Many such studies have 
shown th a t th is  treatment reduces g ra f t  immunogenicity, 
although few have attempted to c r i t i c a l l y  examine the 
effectiveness o f the protocol in e lim ina t ing  passenger 
leukocytes. Early experiments showed th a t cu ltu re  o f 
a llogeneic mouse thyro id  t issue in an atmosphere o f high 
oxygen content p r io r  to transp lan ta tion  to  the renal 
subcapsular s i te  o f a llogeneic hosts was able to  abrogate 
re jec t ion  (L a f fe r ty ,  Cooley, Woolnough e t a l , 1975;
L a f fe r ty ,  Bootes, K ilby  et a l , 1976). Attempts to repeat 
these f ind ings  w ith iso la ted  pancreatic is le ts  were 
i n i t i a l l y  unsuccessful because o f the s u s c e p t ib i l i t y  of 
is le ts  to oxygen to x ic i t y .  This problem was overcome by 
forming aggregates o f mouse pancreatic i s le ts  which could 
then be cu ltured and successfu lly  transplanted in to  
a llogeneic rec ip ien ts  where they were shown to reverse 
streptozotocin-induced diabetes (Bowen & L a f fe r ty ,  1980; 
Bowen, Prowse & L a ffe r ty ,  1981; Donohoe, Andrus, Bowen e t 
a l , 1983). S im ila r resu lts  were reported fo r  ra t  is le ts
(Lacy & Davie, 1984).
However, in contrast to these f in d in g s , i t  has also 
been shown tha t cu ltu re  of pancreatic i s le t  t is su e , and 
hence pu ta tive  e lim ina t ion  o f i n t e r s t i t i a l  d e n d r i t ic  
c e l ls ,  p r io r  to transp lan ta tion  does not in va r ia b ly  
prevent g ra f t  re je c t io n  (Simeonovic, Bowen, Kotla rsk i e t
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a l , 1980). Furthermore, in other experiments confirming
th a t pre transplant cu ltu re  o f rodent i s le ts  leads to  long 
term g ra f t  s u rv iva l ,  i t  has been suggested th a t  the 
decrease in immunogenicity is  not due so le ly  to the 
depletion o f Ia+ d e n d r i t ic  c e l ls  (Gores, Sutherland,
P la t t  e t a l ,1986).
1 .5 .3  A lte rn ative  routes o f sen sitisation
Although i t  is  apparent th a t donor s t ra in  d e n d r i t ic  
c e l ls  play a major ro le  in i n i t i a t i n g  g ra f t  re je c t io n ,  
they do not represent the sole immunogen. On the basis 
o f th e i r  re transp lan ta tion  experiments, Lechler & 
Batchelor (1982) postulated the existence o f two routes 
whereby g ra f t  rec ip ien ts  became sens it ised  to 
a lloan t igen . The f i r s t  route involved the d ire c t  
recogn it ion  o f MHC antigen on donor d e n d r i t ic  c e l ls .  The 
second, and possib ly less e f f i c ie n t ,  route involved 
recogn it ion  and processing o f a lloantigen present in  the 
g ra f t  by re c ip ie n t s t ra in  d e n d r i t ic  c e l ls  or macrophages. 
The second route o f se n s it isa t io n  has received support 
from the recent experiments o f Sherwood e t al (1986). 
Mice were sensit ised to a llogeneic c e l ls ,  and th e i r  
sensit ised spleen or peritoneal c e l ls  were then 
trans fe rred  to naive syngeneic secondary hosts. They 
showed th a t when the secondary host was given a skin 
g ra f t  from the s tra in  o f the se n s it is ing  animal, i t  was 
re jected in an accelerated fashion, implying the a b i l i t y
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of the transfe rred  c e l ls  from the primary host to present 
a lloan t igen . These c e l ls ,  which appeared to be d e nd r i t ic  
c e l ls ,  were su rp r is in g ly  e f fe c t iv e  even a f te r  in a c t iva t io n  
by paraformaldehyde , thus con trad ic t ing  L a f fe r ty 's  
observations on the "two s igna l"  mechanism o f host 
se n s it isa t io n  which required the presence of 
m e tabo lica lly  active  c e l ls .
1 .5 .4  A b il ity  o f other g ra ft  components to  in i t ia te  
re jec tio n
I t  must not be assumed th a t the i n t e r s t i t i a l  d e n d r i t ic  
c e l ls  are the only ce l ls  capable o f i n i t i a t i n g  the 
re je c t io n  response, although i t  cannot be doubted th a t ,  
by v i r tu e  o f th e i r  expression o f large amounts o f class 
I I  MHC antigens, they are h igh ly  e f f i c ie n t  in  th is  
respect.
The re la t iv e ly  recent demonstrations o f the inducib le  
nature o f class I I  MHC antigens on a number o f t issues 
raised the p o s s ib i l i t y  th a t other ce l l  types might have 
the capacity to present antigen, in add it ion  to  those 
c e l ls  such as d e n d r i t ic  ce l ls  th a t c o n s t i tu t iv e ly  express 
class I I  antigens.
I t  seems l i k e l y  th a t i t  is  the expression o f class I I  
MHC antigens th a t confers on a c e l l  type the a b i l i t y  to 
present antigens to class I I  re s t r ic te d  responder c e l ls .  
This was confirmed by experiments in which mouse L -ce ll  
f ib ro b la s ts  which do not normally express class I I  MHC
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antigens under any circumstances, were transfected with 
genes encoding mouse class I I  I-A molecules o f the "k" 
haplotype, and subsequently expressed th is  molecule on 
th e i r  ce l l  surface. These transfected L -ce l ls  were then 
shown to be able to present p ro te in  antigens such as KLH 
to KLH-specific., I-A^ re s tr ic te d  T ce ll  hybridomas 
which, on s p e c if ic  a c t iv a t io n ,  were induced to  secrete 
IL2 (Malissen, Peele Price , Goverman et a l , 1984).
With more d ire c t  relevance to t ra nsp lan ta t ion , 
experiments by Pober e t al have shown th a t cu ltured human 
umbilica l vein endothelia l c e l ls  tha t have been induced 
to express class I I  antigens by the add it ion  o f 
recombinant IFN-ff develop the added capacity to  present 
class I I  antigen to cloned a l lo s p e c i f ic  CTL and, ipso 
fa c to , to act as ta rge ts  (Pober, C o ll in s , Gimbrone e t a l , 
1983). This observation was fu r th e r  developed by Ferry 
e t a l , who successfu lly  cultured ra t  heart endothelia l 
ce l ls  in v i t r o  and showed tha t they expressed increased 
amounts o f MHC class I I  antigen when grown in the 
presence o f recombinant ra t  IFN-tf. These cu ltured 
endothelia l c e l ls  were h igh ly  immunogenic in v ivo since 
when they were in jec ted  in to  allogeneic ra ts  they were 
able to s p e c i f ic a l ly  sens it ise  the animals so th a t 
subsequent organ a l lo g ra f ts  were re jected in accelerated 
fashion (Ferry, Halttunen, Leszczynski e t a l , 1987). 
Although the expression o f class I I  MHC antigens may 
confer upon a ce ll  the a b i l i t y  to  function in  an antigen
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presenting capacity i t  remains to be seen whether th is  
route is  s u f f i c ie n t ly  e f fe c t iv e  to be o f b io log ica l 
s ign if icance . Further experiments along these l ine s  
should lead to an increased understanding o f the 
i n i t i a t i o n  and d ire c t io n  o f alloimmune responses in 
a l lo g ra f t  re je c t io n .
1.6  Central phase o f g ra ft  re jec tio n
The central phase o f g ra f t  re je c t io n  encompasses the 
lymphocyte in te rac t io ns  which lead to  the generation o f 
immunological e f fe c to r  mechanisms d irected against the 
g ra f t .  Optimal development o f the immune response 
against an a l lo g ra f t  is  ensured by the process o f 
lymphocyte m igration and re c irc u la t io n  which resu lts  in 
the ac t iva t io n  o f re levant antigen reactive  c e l ls  (Ford,
1975). Transplantation of e ith e r  skin or vascularised 
organ a l lo g ra f ts  leads to a rapid and vigorous 
p ro l i fe ra t iv e  response by host lymphocytes, p a r t ic u la r ly  
those in the regional lymph nodes and spleen (Anderson, 
Anderson & W yll ie , 1975; Baldwin, Hendry, B ir in y i  e t a l , 
1979). Furthermore, in the case o f vascularised 
a l lo g ra f ts ,  there is  a marked p ro l i fe ra t io n  and clonal 
expansion o f lymphocytes w ith in  the tissues o f the 
transplanted organ (Ascher, Chen, Hoffman e t a l , 1983).
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During th is  phase o f the g ra f t  re je c t ion  response, 
lymphocytes with T helper function  are thought to play a 
centra l ro le  (Mason & Morris , 1986). These c e l ls ,  
p r in c ip a l ly  through lymphokine release, are able to 
f a c i l i t a t e  the p ro l i fe ra t io n  and d i f fe re n t ia t io n  of 
d i f fe re n t  po ten tia l e f fe c to r  pathways. In te r le u k in  2 is  
the most well known lymphokine produced by activa ted T 
helper c e l ls  and resu lts  in the d i f fe re n t ia t io n  of 
cy to tox ic  T c e l ls  (Farra r, Benjamin, H i l f i k e r  e t a l , 
1982) as well as a c t iva t in g  and po ten t ia t ing  the function 
o f natural k i l l e r  c e l ls  and antibody dependent c e l lu la r  
c y to to x ic i ty  (Kawase, Brooks, Kuribyashi e t a l , 1983). 
In a dd it ion , activa ted T c e l ls  may release several other 
lymphokines which influence the generation o f  the 
a n t i - g r a f t  response, notably IFN-b, as well as other 
in te r le u k in s  which are involved in B ce l l  d i f fe re n t ia t io n  
and p ro l i fe ra t io n .
71
1.7 Effector mechanisms in a llo g ra ft rejection
As a consequence o f the i n i t i a t i o n  o f the process of 
g ra f t  re je c t io n ,  a potent immunological response is  
mounted against the transp lan t which, in the unmodified 
re c ip ie n t ,  resu lts  in the complete destruction  o f the 
transp lan t, usually  w ith in  several days. The 
immunological e f fe c to r  mechanisms by which the re c ip ie n t 
re je c ts  an a l lo g ra f t  are a source o f considerable debate. 
Since a major part of th is  thes is  concerns th is  area, the 
experimental evidence concerning the e f fe c to r  mechanisms 
o f a l lo g ra f t  re je c t io n  is  reviewed in d e ta i l  in  th is  
section.
1 .7 .1  Target antigens o f the immune response
The re jec t io n  o f a vascularised a l lo g r a f t ,  as already 
described, is  due p r in c ip a l ly  to  MHC antigen ic  
d iffe rences between the re c ip ie n t and the donor. I t  
fo l low s , there fore , tha t the c e l lu la r  d is t r ib u t io n  and 
density  o f MHC class I and class I I  ta rg e t antigens 
w ith in  an a l lo g ra f t  may influence i t s  v u ln e ra b i l i t y  to 
immunological e f fe c to r  mechanisms. Furthermore, the 
widespread induction o f MHC antigen expression tha t 
occurs w ith in  a re je c t ing  a l lo g ra f t  might be expected to 
fu r th e r  increase i t s  s u s c e p t ib i l i t y  to  e f fe c to r  ce l l  
damage.
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S u rp r is ing ly , the precise c e l lu la r  ta rgets o f g ra f t  
re jec t ion  are not known although i t  seems l i k e ly ,  in 
vascularised a l lo g ra f ts  such as the kidney, th a t donor 
vascular endothelia l c e l ls  represent a major ta rg e t and 
tha t damage to  the microvasculature leads to  ischaemia 
and necrosis o f the g ra f t  (eg. Cramer, 1987). In 
con trast, in skin a l lo g ra f ts ,  where revascu lar isa tion  by 
host s t ra in  vascular endothelium occurs, the epidermal 
c e l ls  are thought to be the major ta rgets  o f the immune 
response. This la t t e r  suggestion is  suported by the 
observation th a t in re je c t in g  skin g ra f ts ,  host
leukocytes have been observed to be in close contact w ith 
epidermal c e l ls .
In add it ion  to th e i r  ro le  as potent i n i t i a t o r s  o f g ra f t  
re je c t io n ,  i t  has also been suggested th a t  passenger 
leukocytes represent an important ta rg e t w ith in  renal 
a l lo g ra f ts .  S tuart et al (1971) transplanted donor ra t  
kidneys from rad ia tion  chimaeras in which the passenger 
leukocytes were allogeneic w ith the g ra f t  re c ip ie n t ,  but 
the kidney parenchyma was syngeneic w ith the re c ip ie n t .  
C on trove rs ia lly , they reported th a t such kidneys
underwent g ra f t  re je c t ion  with a tempo comparable to
th a t seen w ith f u l l y  a llogeneic g ra f ts .  S im ila r 
experiments by Fabre & Morris (1973) did not support 
th is  f in d in g ,  although i t  was acknowledged th a t th is  may 
have been due to the d i f fe re n t  ra t  s t ra in  combination 
used.
73
The in v i t r o  a c t i v i t y  of e f fe c to r  c e l ls  in the 
re je c t ion  response is  usually assessed by examining th e i r  
a b i l i t y  to lyse a llogeneic donor, s t ra in  rad io labe lled  
lymphocyte ta rge t c e l ls .  C learly , however, these 
lymphocyte ta rg e t c e l ls ,  which are usually  mitogen 
activated lymphoblasts prepared from donor s tra in  spleen 
or lymph node c e l ls ,  may not be the most appropriate 
targets  in the re je c t io n  of a vascularised organ g ra f t .  
Id e a lly ,  p u r i f ie d  preparations o f more appropriate 
ta rge ts , such as iso la ted  vascular endothelia l c e l ls ,  
would be used. However, with only occasional exceptions 
(MacPherson & Christmas, 1984), technical d i f f i c u l t i e s  in 
is o la t in g  s u f f ic ie n t  numbers o f pure c e l ls  have usually 
precluded th e i r  use. Methods describ ing the is o la t io n  o f 
p u r i f ie d  mouse kidney and human vascular endothelia l 
c e l ls  are now reported and fu tu re  information based on 
the use o f such c e l ls  may be o f use fo r  the be tte r 
understanding o f the processes involved in the in i t i a t i o n  
o f g ra f t  re je c t io n  (Ramos' & Cox, 1987; Auerbach, Alby, 
Grieves e t a l , 1982).
1 .7 .2  The ro le  o f a lloantibod ies
A major controversy has existed over the la s t  two 
decades as to which o f the possible immune e f fe c to r  
mechanisms is  responsible fo r  the destruction  o f an 
a l lo g ra f t .  I t  is  accepted tha t the uncommon c l in ic a l  
problem o f hyperacute re jec t io n  is  due to  the presence o f
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preexis ting  cy to tox ic  antibodies against the donor MHC 
antigens (Kissmeyer-Nielsen, Olsen, Petersen et a l ,
1961). The dramatic and i r re v e rs ib le  consequences o f 
hyperacute re je c t io n  are the resu lts  o f the cy to tox ic
a lloan t ibod ies  binding to the vascular endothelium of the
g ra f t  followed by complement f ix a t io n ,  p la te le t  
aggregation, f i b r i n  deposition and destruction  o f the 
g ra f t  (Busch, Reynolds, Galvanek et a l , 1971).
Fortunate ly, in c l in ic a l  p rac tise , hyperacute re je c t io n  
is  rare since kidney re c ip ien ts  are screened fo r  the 
presence of cy to tox ic  antibodies against th e i r
prospective a l lo g ra f t ,  p r io r  to transp lan ta t ion .
A lloantibod ies may also play a ro le  in chronic renal 
a l lo g ra f t  re je c t io n . However, although th is  is  a 
re la t iv e ly  common c l in ic a l  problem, i t  has not been well 
studied. A sa t is fa c to ry  animal model w ith  which to 
examine the problem o f chronic g ra f t  re je c t io n  has not 
been devised, but i t  does appear from p a tien t studies 
th a t the humoral immune response is  involved to a greater 
extent than the c e l lu la r  immune response (Cramer, 1987).
Although a lloantibody is  responsible fo r  hyperacute 
g ra f t  re je c t io n  and possible chronic re je c t io n  in 
immunosuppressed pa tien ts , i t  is  generally assumed th a t 
antibody does not play an essentia l ro le  in acute g ra f t  
re je c t ion  but, ra the r, th a t c e l lu la r  mechanisms are 
involved. Nevertheless, a lloantibody could, in 
p r in c ip le ,  contr ibu te  to acute g ra f t  re je c t io n .  For
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example, sp e c if ic  a lloantibody could bind to the g ra f t  
and allow nonspecific e f fe c to r  c e l ls ,  such as natural 
" k i l le r  c e l ls  and macrophages, to  mediate s p e c if ic  ly s is  
v ia  the recognition o f the Fc portion  o f the 
a lloantibody. In th is  process o f "antibody dependent 
c e l lu la r  c y to to x ic i ty "  (ADCC), the s p e c i f ic i t y  of the 
response depends on the attachment o f a lloantibody to the 
ta rge t c e l ls  and hence there is  no bystander damage to 
adjacent c e l ls  which have not bound a lloantibody 
(Perlmann & Perlmann, 1970).
I t  has been suggested tha t antibody dependent c e l lu la r  
c y to to x ic i ty  is  the mechanism by which passive tra n s fe r  
o f a lloan tibod ies  is  able to contr ibu te  to  a l lo g ra f t  
re je c t ion  in some experimental models (Carpenter, d'Apice 
& Abbas, 1976), but the precise ro le  o f antibody in acute 
g ra f t  re jec t io n  remains unclear. Indeed, in  some animal 
models o f renal or cardiac tra n sp la n ta t ion , the 
adm in is tra tion  o f donor s p e c if ic  a lloan tibod ies  may have 
a p ro tec tive  ra ther than a destructive  e f fe c t  on the 
g ra f t ,  leading, in  some s tra in  combinations, to  long term 
g ra f t  surv iva l (passive enhancement) (Fabre & Morris, 
1972).
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1 .7 .3  The essential ro le  o f T lymphocytes in acute
re jec tio n
In contrast to the uncertain ro le  o f a lloantibody in 
acute g ra f t  re je c t io n ,  i t  was established a t an early
stage (M i l le r ,  1962) tha t thymus-derived T lymphocytes 
played an essential part in the re jec t io n  process when i t  
was shown th a t animals which had e ith e r  undergone
neonatal thymectomy or were congen ita lly  athymic were 
unable to re je c t  a skin a l lo g ra f t .  Strong support fo r  
the necessary ro le  o f T lymphocytes but the apparently 
non-essential ro le  o f B lymphocytes (and hence a l lo -  
antibody) was provided by the de ta iled  adoptive tra n s fe r  
experiments o f Dorsch & Roser (1974) and Hall e t al
(H a l l ,  Dorsch & Roser, 1978a). They showed th a t 
adm in is tra tion  o f a sublethal dose o f whole body
i r ra d ia t io n  (9.0 Gy) to adu lt ra ts  was s u f f ic ie n t  to
ablate the immune system (destroying >99.9% of
c i rc u la t in g  small lymphocytes) and rendered the animals 
unable to re je c t  a skin a l lo g ra f t .  I r ra d ia ted  animals 
which were reconstitu ted w ith a s u f f i c ie n t  number of 
syngeneic T lymphocytes (TDL or LNC) promptly re jected 
th e i r  skin g ra fts  whereas those reconstitu ted  w ith  B 
lymphocytes alone were not capable o f re je c t in g  th e i r  
g ra f ts .  Furthermore, B lymphocytes did not contr ibu te
any syne rg is t ic  e f fe c t  towards g ra f t  re je c t io n  when they 
were given along with T lymphocytes.
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Consequently, the ro le  o f B c e l ls  and antibody in 
experimental models o f g ra f t  re je c t io n  have subsequently 
been somewhat neglected and a tten t ion  has focussed 
instead on the ro le  o f c e l lu la r  e f fe c to r  mechanisms in 
causing re je c t io n  and, in p a r t ic u la r ,  the re la t iv e  ro les 
played by DTH and s p e c if ic  cy to tox ic  T c e l ls  in g ra f t  
re je c t io n .  A summary o f the c e l lu la r  events which 
characterise DTH and sp e c if ic  cy to tox ic  T ce l l  ly s is  w i l l  
be given, followed by a descrip tion  o f the ava ilab le  
evidence suggesting a ro le  fo r  one or other o f these 
mechanisms in a l lo g ra f t  re je c t io n . In add it ion , a tab le  
o f adoptive tra ns fe r  experiments provid ing evidence fo r  
e ith e r  mechanism in a l lo g ra f t  re je c t io n  is  included fo r  
reference, in Appendix A.
1 .7 .4  DTH and nonspecific e ffecto rs
A DTH response implies tha t a small number o f T helper 
(CD4) lymphocytes recognise class I I  MHC antigens and are 
able, by releasing lymhpokines, to r e c ru i t  nonspecific 
e f fe c to r  c e l ls ,  includ ing macrophages and NK ce l ls  
(McKenzie, 1983). Although the s p e c i f ic i t y  o f the DTH 
response is  mediated through T helper lymphocytes, t issue 
destruction is  effected by nonspecific c e l ls  and soluble 
mediators (North, 1978). Therefore, although a small 
number o f Th c e l ls  are thus a b le 'to  in d i r e c t ly  mediate
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the destruction of a large number of ta rg e t c e l ls ,  the 
e f f ic ie n c y  o f the response may be counterproductive i f  
adjacent s e l f  t issue su ffe rs  from bystander damage.
As previously noted, both macrophages and NK c e l ls  are 
found in large numbers w ith in  re je c t ing  a l lo g ra f ts  and, 
in p r in c ip le ,  could mediate g ra f t  damage as part o f a DTH 
response. Activated macrophages are capable o f a large 
va r ie ty  o f ce ll  functions and in p a r t ic u la r  the release 
o f many inflammatory mediators inc lud ing lysozyme, 
proteases, tumour necrosis fa c to r  (TNF) and reactive  
oxygen intermediates. NK c e l ls ,  or large granular 
lymphocytes (LGL), which are defined by th e i r  a b i l i t y  to  
spontaneously lyse susceptib le ta rge t c e l ls ,  are able to 
recognise ta rge t c e l ls  by an, as ye t,  u n id e n t i f ie d  
receptor (not the T ce ll  receptor) and th e re a f te r  cause 
ta rge t ce l l  ly s is  by a mechanism which appears to  be 
s im ila r  to th a t o f cy to tox ic  T ce ll  mediated ly s is .
L i t t l e  is  known about the precise ro le ,  i f  any, which 
these two nonspecific ce ll  types play in a l lo g ra f t  
re je c t io n .  Attempts have been made to  s p e c i f ic a l ly  
deplete experimental animals of macrophages or NK c e l ls  
w ith a view to inves t iga ting  th is  in adoptive tran s fe r  
experiments. However, both o f these ce ll  types are 
r e la t iv e ly  ra d io res is tan t,  and although a lte rn a t iv e  
approaches have been investigated, these have met w ith 
l i t t l e  success. For example, MacPherson & Christmas 
(1984) found tha t the intravenous adm in is tra tion  o f a
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potent antimacrophage serum to ra ts fa i le d  to 
s ig n i f ic a n t ly  reduce the numbers o f c i rc u la t in g  
macrophages and did not prevent macrophages from 
accumulating in cardiac a l lo g ra f ts  in these animals.
Although i t  is  d i f f i c u l t  to assess the ind iv idua l ro les 
o f macrophages and NK c e l ls  in a l lo g ra f t  re je c t io n ,  they 
appear u n l ik e ly  to have a s ig n i f ic a n t  ro le  in the absence 
o f T c e l ls .  Neither congen ita lly  athymic animals nor 
ATXBM animals are able to re je c t  an a l lo g ra f t  despite the 
presence o f large numbers o f fu n c t io n a l ly  ac tive  
macrophages and NK c e l ls  and there fo re , by d e f in i t io n ,  
these c e ll  types must play a secondary ro le  i f  they 
contr ibu te  to g ra f t  re je c t io n .  This would seem most 
l i k e l y  to  be a DTH response although i t  should not be 
overlooked th a t both activa ted macrophages and NK c e l ls  
possess Fc receptors and may therefore be capable o f 
causing s p e c if ic  ta rge t ce l l  damage by an ADCC mechanism.
1 .7 .5  Specific  cytotoxic T ce lls
Cytotoxic T lymphocytes mediate th e i r  destruc tive  
e ffe c ts  on ta rge t c e l ls  by d ire c t  c e l l  contact v ia  
sp e c if ic  MHC surface antigens (C e ro tt in i  & Brunner, 
1974), resu lt in g  in s p e c if ic  cy to lys is  o f the ta rge t ce ll  
(Berke, 1983) w ithout a requirement fo r  e ith e r  lymphokine 
release or recruitment o f nonspecific c e l ls .  Cytotoxic T 
c e l ls  (o f the CD8 phenotype) are class I re s tr ic te d  
(Bevan, 1975) and cannot be generated against c e l ls  w ith
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iso la ted  class I I  d is p a r i t ie s  in mixed lymphocyte 
reactions (MLRs). However, th e i r  p ro l i fe ra t io n  is  
markedly enhanced in f u l l y  MHC incompatible MLRs by the 
add it ion  o f T helper c e l ls ,  which, in response to the 
class I I  in c o m p a t ib i l i t ie s ,  provide help fo r  the 
d i f fe re n t ia t io n  o f T cy to tox ic  precursors (Bach e t a l ,
1976).
Target ce l l  ly s is  by cy to tox ic  T ce l ls  is  a d iva len t 
cation-dependent process requ ir ing  in t im ate  c e l l - c e l l  
contact, mediated through T c e l l  receptor in te rac t io n  
w ith  s p e c if ic  ligands on the ta rg e t c e l l ,  or 
n onspec if ica l ly  by adhesion mediated through le c t in s  or 
mitogenic antibodies such as those d irected against the 
CD3 and CD2 molecules. Following a successful Mg++ 
dependent adhesion phase, the Ca++ dependent c y to ly t ic  
phase is  then tr iggered , invo lv ing  the release o f 
cytoplasmic granule contents a t the jun c t ion  o f the two 
c e l ls .  Pore forming p ro te ins , or p e r fo r in s ,  released 
from the cy to tox ic  c e ll  granules bind to the ta rge t ce l l  
membrane, polymerise in the presence o f Ca++, and form 
lesions in a manner s im ila r  to tha t o f complement 
mediated ce ll  ly s is ,  while the e f fe c to r  c e l l  remains 
unharmed and able to move on to fresh ta rge ts  (Podack, 
1985; Pasternack, Verre t, Liu et a l , 1986). Death o f the 
ta rge t ce l l  soon fo l low s , observed i n i t i a l l y  by the loss 
o f  ions and small molecules from the damaged ce ll  
membrane, but followed rap id ly  by extensive breakdown o f
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the nuclear DNA in to  numerous 200-base p a ir fragments. A 
recent report (Ucker, 1987) has suggested th a t th is  DNA 
fragmentation occurs as a re s u lt o f the tr ig g e r in g  o f a 
g lucocortico id-m edia ted " s e lf  des truc t" process, ra ther 
than as a d ire c t re s u lt o f membrane damage. • Ucker was 
able to  demonstrate resistance to  both syn the tic  
g lu co co rtico id  mediated and to  CTL mediated DNA 
fragmentation in  a mouse thymoma mutant in  sp ite  o f 
demonstrably normal CTL:target c e ll contact. A s ing le  
spontaneous reversion event occurring in  c e lls  derived 
from the subcloned mutant rendered those c e lls  
subsequently equa lly  susceptib le  to  both g lu co co rtico id  
and CTL mediated k i l l in g ,  suggesting th a t the c e ll played 
a p a rt in  i t s  own d es truc tion , ra the r than being e n t ire ly  
a t the mercy o f the action o f p e rfo r in s . This ra ises the 
question o f whether the pore forming p ro te ins  are 
essentia l in  s p e c if ic  CTL mediated k i l l i n g ,  or whether 
th e ir  ro le  is  more in the nonspecific  k i l l in g  mediated by 
NK c e lls  and in  ADCC mechanisms.
1 .7 .6  The roles o f Tc and Th lymphocytes in g ra ft
re jec tio n  -  early  observations
The experimental evidence fo r  DTH and Tc in  
co n trib u tin g  to  g ra ft  re je c tio n  is  considered below, 
although as w i l l  be seen in the l ig h t  o f cu rren t 
knowledge, i t  may be th a t the type o f c e llu la r  e ffe c to r
response is  la rg e ly  determined by the nature o f the MHC
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subregion d is p a r ity  between re c ip ie n t and a llo g ra f t .  
Thus, Th (CD4) lymphocytes predominantly recognise and 
respond to  a class I I  MHC d is p a r ity  w hile  Tc (CD8) 
lymphocytes recognise and respond predominantly to  a 
class I d is p a r ity .
In the ea rly  d e sc rip tive  stud ies by Brent, Brown & 
Medawar (1958) the h is to lo g ic a l appearances o f re je c tin g  
g ra fts  were noted to  resemble the features c h a ra c te r is tic  
o f a c lass ica l DTH response. The large number o f g ra ft  
in f i l t r a t in g  lymphocytes, macrophages and nonspecific  
inflammatory c e lls  led them to suggest the re fo re  th a t DTH 
might be the major e ffe c to r mechanism in  acute g ra ft  
re je c tio n .
The a lte rn a tiv e  view, th a t cy to to x ic  lymphocytes might 
be responsible fo r  g ra ft  re je c tio n , fo llow ed the f i r s t  
demonstration by Govaerts (1960) o f lymphoid c e lls  which 
showed cy to tox ic  a c t iv i t y .  During experiments on the 
mechanism o f kidney a llo g ra f t  re je c tio n  in  dogs, he noted 
th a t TDLs from animals which had prev ious ly  re jected  an 
a llo g ra f t  had the a b i l i t y  to  s p e c if ic a lly  lyse donor 
kidney e p ith e lia l c e lls  in v i t r o . These observations 
were soon confirmed and extended by numerous other 
stud ies such as th a t o f C e ro tt in i 's  in  1976, in  which 
he demonstrated the presence o f lymphocytes w ith
a llo s p e c if ic  cy to tox ic  a c t iv i t y  in  spleens from mice 
which had re jected a llogene ic c e lls  (C e ro tt in i,  Engers, 
F itch  e t a l , 1976). The view became w ide ly held th a t
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g ra ft re je c tio n  was due to cy to to x ic  T lymphocytes ra ther 
than DTH. An elegant experiment by Mintz and S ilve rs  
(1970) provided convincing evidence in  favour o f a 
s p e c if ic  cy to to x ic  T ce ll mechanism in  g ra ft  re je c tio n . 
They g ra fted  skin from a llophen ic mice, which had been 
created by fus ing  blastomeres o f two d if fe re n t  H-2 
s tra in s , to  re c ip ie n ts  o f one o f the parental s tra in s . 
I t  was found th a t whereas the melanocytes and h a ir 
f o l l ic le s  o f the fo re ign  parental s tra in  were destroyed, 
the immediately adjacent c e lls  o f the g ra ft  which were 
syngeneic w ith  the re c ip ie n t remained undamaged. This 
convincing demonstration o f the e xqu is ite  s p e c if ic i ty  o f 
the g ra ft  re je c tio n  response in the complete absence o f 
bystander damage s tro ng ly  supported a ro le  fo r  cy to to x ic  
T c e lls  ra the r than DTH in g ra ft  re je c tio n .
1 .7 .7  A b il ity  o f adoptively transferred  lymphocyte 
subpopulations to mediate g ra ft  re jec tio n  in  
immunocompromised recip ients
The view th a t s p e c if ic  cy to tox ic  T c e lls  played an 
essentia l ro le  in g ra ft  re je c tio n  was s tron g ly  challenged 
by the adoptive tra n s fe r experiments o f Loveland & 
McKenzie (Loveland, Hogarth, Ceredig e t a l , 1981). They 
were able to  show th a t the a b i l i t y  o f ATXBM mice to 
re je c t a skin  a llo g ra f t  was restored by the in je c tio n  o f 
s p e c if ic a lly  sensitised  Ly tl+  lymphocytes and they 
in te rp re ted  th e ir  experiments as provid ing evidence o f
84
DTH in mediating g ra f t  re je c tio n . S im ila r experimental 
re su lts  were reported by Dallman, Mason & Webb (1982) 
when they showed th a t the a b i l i t y  o f ATXBM ra ts  to  re je c t 
a skin g ra ft  was completely restored by tho ra c ic  duct 
lymphocytes th a t had been depleted o f c e lls  bearing the 
cy to tox ic  precursor phenotype (MRC 0X8+). However, 
un like  the former study, Dallman emphasised th a t th is  did 
not exclude a ro le  fo r  s p e c if ic  cy to tox ic  c e lls  in  g ra ft  
re je c tio n . On the con tra ry, immunohistological analysis 
o f re je c tin g  g ra fts  in  ATXBM ra ts  recons titu ted  w ith  
W3/25+ T helper c e lls  alone s t i l l  contained many MRC 0X8+ 
(CD8) T lymphocytes, suggesting th a t the ATXBM animal 
contained cy to to x ic  precursors which were activa ted  in 
the presence o f W3/25+ (CD4) c e lls .  In subsequent
experiments, Dallman administered a fu r th e r  dose o f 
ir ra d ia t io n  to  ATXBM animals a fte r  they had been skin 
g ra fted  but before re c o n s titu tio n . Using th is  more 
s tr in g e n t experimental p ro toco l, the adoptive tra n s fe r o f 
CD4 c e lls  was found to  restore  re je c tio n  in  the absence 
o f demonstrable MRC 0X8+ c e lls  w ith in  the skin g ra ft .  
Nevertheless, the c r it ic is m s  o f the conclusions drawn by 
Loveland & McKenzie remain, since i t  cannot be excluded 
th a t ATXBM animals possess some cy to to x ic  precursor 
c e lls .
Following these experiments on the a b i l i t y  o f Th c e lls  
to  mediate skin  a llo g ra f t  re je c tio n  in  ATXBM mice and 
ra ts , reports appeared on the a b i l i t y  o f adoptive ly
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trans fe rred  lymphocyte subpopulations to  mediate 
re je c tio n  o f vascularised organ (almost e xc lu s ive ly  
heart) a llo g ra fts  in  the ra t .  Because o f the c r it ic is m s  
o f the ATXBM model, these la te r  reports were based on an 
acute ir ra d ia t io n  model in  which ra ts  received a 
sublethal dose o f whole body ir ra d ia t io n  immediately 
p r io r  to  organ g ra ftin g  and lymphocyte re c o n s titu t io n . 
Using th is  model, Lowry and colleagues demonstrated th a t 
the tra n s fe r o f s p e c if ic a lly  sens itised  CD4 lymphocytes 
was both necessary and s u f f ic ie n t  to  resto re  rap id  g ra ft  
re je c tio n  (Lowry, Gurley & Forbes, 1983; Lowry & Gurley, 
1983; Gurley, Lowry & Forbes, 1983). Furthermore, they 
showed the apparent absence o f s p e c if ic  cy to to x ic  
a c t iv i t y  by the splenocytes o f ir ra d ia te d  a llo g ra f t  
re c ip ie n ts  reconstitu ted  w ith  CD4 c e lls  alone. In 
con tras t, they found th a t re c o n s titu tio n  o f g ra ft  
re c ip ie n ts  w ith  p u r if ie d , s p e c if ic a lly  sens itised  CD8 
c e lls  could resto re  re je c tio n , and resu lted  in  the 
presence o f splenocytes which could mediate s p e c if ic  
cy to tox ic  a c t iv i t y  when tested in v i t r o . A com plicating 
fa c to r in  Lowry's experimental protocol was th a t the 
animal from which the donor organ was obtained was also 
irra d ia te d  (presumably to  prevent the p o s s ib i l i ty  o f GVH) 
and there is  evidence th a t such treatment may a ffe c t the 
immunogenicity o f the donor organ (Leszczynski, Renkonen 
& Hayry, 1985).
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Using a s im ila r  acute ir ra d ia t io n  model o f ra t cardiac 
tra n sp la n ta tio n , H a ll, de Saxe & Dorsch (1983) showed 
th a t the adoptive tra n s fe r o f unsensitised CD4 c e lls  
alone was also able to resto re  g ra ft  re je c t io n , and they 
concluded th a t helper T c e lls  play a p ivo ta l ro le  in 
a llo g ra f t  re je c tio n . However, since the reconstitu ted  
animals were shown to contain c e lls  o f the CD8 phenotype, 
they were carefu l to q u a lify  th e ir  conclusions by s ta tin g  
th a t the main action o f the T helper c e lls  in  th is  model 
was the augmentation o f a cy to to x ic  response by the 
ra d io re s is ta n t or ra p id ly  regenerating cy to to x ic  c e lls  
derived from the ir ra d ia te d  host.
The adoptive tra n s fe r experiments in  both ATXBM and 
acu te ly  ir ra d ia te d  a llo g ra f t  re c ip ie n ts  are the re fo re  in 
general agreement since the tra n s fe r o f CD4 T c e lls  alone 
is  s u f f ic ie n t  to  in i t ia te  the re je c tio n  o f a f u l ly  MHC 
disparate g ra f t .  However, there remains doubt as to 
whether or not cy to tox ic  e ffe c to r mechanisms con tribu te  
s ig n if ic a n t ly  to  g ra ft  destruction  in these animals. 
C ytotoxic e ffe c to r c e lls  may derive from residual CD8 
cy to to x ic  precursors in  the host and/or re s u lt  from the 
presence o f class I I  re s tr ic te d  CD4 cy to to x ic  c e lls  
derived from the re co n s titu tin g  inoculum.
The a b i l i t y  o f adoptive ly trans fe rre d  lymphocyte 
subsets to  mediate the re je c tio n  o f a llo g ra f ts  d if fe r in g  
from the re c ip ie n t a t iso la ted  class I or class I I  MHC 
antigens has also been addressed. Lowry e t al (1983)
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demonstrated th a t the adoptive tra n s fe r o f CD4 c e lls  to  
acute ly ir ra d ia te d  ra ts  bearing a cardiac a llo g ra f t  
d if fe r in g  only a t the class I I  locus was s u f f ic ie n t  to  
cause re je c tio n . Unexpectedly, they also demonstrated 
the presence o f donor d irected  CD8 cy to to x ic  T c e lls  in  
the ir ra d ia te d  animals. In fa c t ,  i t  has now become 
apparent th a t the donor and re c ip ie n t s tra in s  used, 
WF(RT1.AUBU) and a recombinant,
RF(RT1.AUB^) in h e r it  th e ir  class I and 
background genes from separate inbred lin e s , and although 
th e ir  RT1.A lo c i appear on se ro log ica l typ ing  to  be 
id e n tic a l,  th e ir  RT1.C and RT1.E lo c i (a lso class I )  have 
not been f u l ly  imrnunochemically c la s s if ie d  and they have 
s u f f ic ie n t  d iffe rences to  e l i c i t  a class I re s tr ic te d  
cy to to x ic  response. For th is  reason, the re su lts  
obtained are inconclusive.
Using a s im ila r  adoptive tra n s fe r model, Lowry e t al 
(1985) went on to show th a t CD8 c e lls  were im portant fo r  
the re je c tio n  o f class I d isparate cardiac a llo g ra f ts .  
They and others had prev ious ly  demonstrated th a t PVG 
re c ip ie n t ra ts  were unable to  re je c t heart a llo g ra fts  
from class I-d isp a ra te  PVGrl (recombinant) donors (Lowry 
& Blackburn, 1984) and they a ttr ib u te d  th is  lack o f 
response to  the apparently low responder sta tus o f the 
re c ip ie n t towards the donor haplotype (Rozing, Bonthius, 
Jo ling  e t a l , 1983). Instead, when FI hybrids were
created between the high responder WF s tra in  and the PVG
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recombinants, heart a llo g ra fts  performed between the two 
FI s tra in s  bearing a s ing le  class I d is p a r ity  were 
ra p id ly  re jec ted , and furtherm ore, the presence o f 
adop tive ly  trans fe rred  sensitised  CD8 c e lls  in  the 
inoculum was essentia l to  restore  the re je c tio n  response 
to  s u b le th a lly  ir ra d ia te d  re c ip ie n ts .
F in a lly , an important study on the e ffe c ts  o f s ing le  
class I MHC incompatabil i t ie s  on skin g ra ft  re je c tio n  was 
published by Rosenberg e t al (Rosenberg, Mizuochi & 
Singer, 1986). They made use o f a range o f Kbm mutant 
mice which d if fe re d  from the w ild  type B6 mice only a t an 
iso la ted  class I antigen locus. The mutants a l l  had 
b iochem ically d is t in c t  an tigen ic  d iffe rences o f the Kb 
molecule and th e ir  sk in , when g ra fted  onto B6 re c ip ie n ts , 
was re jected  a t d if fe re n t ra tes . The ra te  o f re je c tio n  
was found to  co rre la te  c lose ly  w ith  the number o f
Kbm-reactive, Lyt2+, IL2-secre ting  T c e ll precursors 
e lic i te d  in v i t r o  in mixed Kbm x B6 lymphocyte cu ltu res ; 
in other words, the more Kbm reactive  T c e ll precursors
generated, the fa s te r the re je c tio n  o f the p a r t ic u la r  Kbm
skin g ra f t .  The apparently necessary ro le  fo r  Lyt2+ 
c e lls  in  the re je c tio n  o f class I incompatible g ra fts  was 
supported by adoptive tra n s fe r experiments in  which B6 
nude mice were gra fted  w ith  bml mutant sk in , and
reconstitu ted  w ith  B6 lymphocyte subsets. I t  was found 
th a t iso la ted  Lyt2+ T c e lls  were both necessary and
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s u f f ic ie n t  to re je c t bml skin g ra fts , thus supporting a 
ro le  fo r  cy to to x ic  T c e lls  in skin g ra ft  re je c tio n  o f 
class I incompatible g ra fts .
1 .7 .8  E ffec t o f in vivo depletion o f lymphocytes on 
a llo g ra ft  re jec tio n
Another approach to  the in ve s tig a tio n  o f the ro le  o f 
lymphocyte subsets in  a llo g ra f t  re je c tio n  has been the in 
v ivo adm in is tra tion  o f a n ti-T  c e ll monoclonal antibodies 
to  s e le c tiv e ly  deplete a llo g ra f t  re c ip ie n ts  o f T c e ll 
subsets and thereby gain in form ation on the requirement 
o f the depleted subset fo r  the re je c tio n  process. Using 
th is  technique, Cobbold e t al showed th a t the deple tion 
o f e ith e r Lyt2+ (CD8) or L3T4+ (CD4) T c e lls  from mice 
impaired th e ir  a b i l i t y  to  re je c t a skin a llo g ra f t  
(Cobbold, Jayasuriya, Nash e t a l , 1984). Whereas
treatment w ith  an ti-T hy1 + a n t i- L y t l  antibodies resu lted  
in  long term su rv iva l o f a llogene ic skin  g ra fts , 
treatment w ith  anti-L3T4 resu lted  in  moderate 
pro longation o f g ra ft  s u rv iv a l. In con tras t, treatment 
w ith  a n ti-L y t2  antibody did not s ig n if ic a n t ly  prolong 
g ra f t  s u rv iv a l. In fu r th e r experiments (Cobbold, M artin , 
Qin e t a l , 1986), i t  was shown th a t the delayed g ra ft
re je c tio n  seen in  CD4-depleted animals was due to  CD8 
c e lls ,  in d ic a tin g  the a b i l i t y  o f th is  c e ll type alone to  
cause skin g ra ft  re je c tio n , a lb e it  in  a delayed fash ion.
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A s im ila r experimental model was also used by Wheelahan 
& McKenzie (1987). They recen tly  reported a de ta iled  
study o f the requirements fo r  CD4 and CD8 T c e ll subsets 
in  the re je c tio n  response towards mouse skin g ra fts  which 
were incompatible w ith  the re c ip ie n t a t class I ,  class I I  
or non-H-2 lo c i.  They demonstrated th a t in  vivo 
treatm ent o f mice w ith  a combination o f anti-CDS and 
anti-CD4 antibodies prevented them from re je c tin g  a class 
I I  incompatible skin g ra ft  w ith in  80 days, although class
I incompatible g ra fts  were re jected  by 50 days, which 
was the same time taken fo r  re je c tio n  o f class I 
incompatible g ra fts  in  mice depleted o f CD8 c e lls .  To 
fu r th e r  summarise th e ir  fin d in g s , deple tion  o f CD8 c e lls  
alone resu lted  in  prolonged su rv iva l o f class I 
incompatible g ra fts  (which were not prolonged by 
deple tion o f CD4 c e lls ) ,  and s l ig h t  pro longation o f class
I I  incompatible g ra fts . Depletion o f CD4 T c e lls  
prolonged the su rv iva l o f class I I  incompatible g ra fts , 
whereas su rv iva l o f f u l l y  MHC incompatible g ra fts  was not 
prolonged by any o f the monoclonal antibodies used.
O ve ra ll, the re su lts  o f these experiments suggest th a t 
CD8 cy to to x ic  c e lls  alone are s u f f ic ie n t  to  cause 
re je c tio n  o f g ra fts  w ith  an iso la ted  class I d is p a r ity .
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1 .7 .9  Demonstration th a t cloned cytotoxic c e lls  can 
mediate in vivo a llo s p e c ific  damage
The development o f techniques fo r  c loning cy to to x ic  T 
c e lls  has allowed the d ire c t in ve s tig a tio n  o f th e ir  
a b i l i t y  to  cause a llo s p e c if ic  tissue  damage. In an 
elegant and important study, T y le r e t al (1984) c le a r ly  
showed th a t cloned CD8 c e lls  were capable o f producing 
loca l tissue  necrosis when in je c te d  in to  the skin o f 
mice. In these experiments, a CDS CTL clone was raised 
which was s p e c if ic a lly  ac tive  against the non-H-2 Epa-1 
epidermal c e ll antigen presented on an H-2K^ MHC 
background. These cy to to x ic  c e lls ,  when in jec ted  
in trade rm a lly  in to  H-2K^ mice, were able to  cause 
loca l tissue  damage and necrosis. Although the les ion  
was associated w ith  an inflammatory in f i l t r a t e  o f host 
mononuclear c e lls  and macrophages, the tissue  damage was 
not dependent on the p a rtic ip a tio n  o f host derived 
lymphocytes since i t  s t i l l  occurred in  ir ra d ia te d  hosts. 
These fin d in g s  suggested a paradox whereby CD8 c e lls  were 
able to  cause d ire c t tissue  damage, presumably by a 
c y to ly t ic  T c e ll mechanism, but were also able to  e l i c i t  
a loca l inflammatory response rem iniscent o f the DTH 
reaction  in  the absence o f T helper c e lls  o f e ith e r donor 
or host o r ig in . In te re s tin g ly , T y le r 's  CTL clone had a 
requirement fo r  exogenous IL2 to  maintain i t s  v ia b i l i t y  
in  in  v i t r o  experiments but not fo r  i t s  in  v ivo a b i l i t y  
to  lyse mouse epidermal c e lls .
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The re su lts  o f T y le r 's  experiments were consis ten t w ith 
the e a r lie r  work o f Engers e t al who had demonstrated 
th a t the intravenous in je c tio n  o f cloned CD8, H-2^ 
re s tr ic te d  CTL in to  mice bearing H-2^ tumour c e lls  
in  th e ir  peritonea l c a v ity  was able to  mediate 
destruc tion  o f the tumour c e lls  (Engers, Glasebrook & 
Sorenson, 1982). Unlike the CTL clone used by T y le r, 
th a t employed by Engers was capable o f producing i t s  own 
IL2.
Together, these two reports c le a r ly  demonstrate the 
a b i l i t y  o f cy to tox ic  T c e lls  alone to  cause a llo re a c tiv e  
tissu e  damage in  an MHC class I re s tr ic te d  fash ion , 
although they do not, o f course, provide d ire c t evidence 
th a t th is  mechanism operates in  the re je c tio n  o f an organ 
a llo g ra f t .
1 .7 .10  Comparison o f c e llu la r  e ffec to rs  in re jec tin g  and 
nonrejecting a llo g ra fts
A fu r th e r  approach to  the inve s tig a tio n  o f the c e llu la r  
mechanisms o f g ra ft re je c tio n  has been the comparison o f 
the c e llu la r  events occurring in  re je c tin g  g ra fts  from 
unmodified re c ip ie n ts  w ith  those seen in  nonre jecting 
a llo g ra fts  in e ith e r immunosuppressed or enhanced 
re c ip ie n ts . Rat renal a llo g ra f ts  undergoing unmodified 
g ra ft  re je c tio n  are ra p id ly  in f i l t r a te d  by a 
heterogeneous population o f mononuclear c e lls ,  inc lud ing  
T lymphocytes o f both the CD4 and CD8 phenotypes, B
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c e lls ,  NK c e lls  and macrophages (Hayry, von W illebrand & 
Soots, 1979; Bradley, Mason & M orris , 1985). Mason & 
M orris (1984) showed th a t in f i l t r a t in g  leukocytes 
harvested from re je c tin g  ra t renal a llo g ra fts  displayed 
both s p e c if ic  and nonspecific cy to to x ic  a c t iv i t y  when 
tested in  v i t r o . In con tras t, c e lls  obtained from 
nonre jecting g ra fts  in cyclosporine trea ted  animals 
showed minimal s p e c if ic  c y to to x ic ity  but leve ls  o f 
nonspecific  c y to to x ic ity  s im ila r  to  those in  re je c tin g  
a llo g ra f ts .  S im ila r re su lts  were obtained in  re je c tin g  
ra t renal a llo g ra fts  and nonre jecting a llo g ra fts  in 
passive ly enhanced re c ip ie n ts  (Bradley e t a l , 1985). In
these experiments, the co rre la tio n  o f g ra ft  re je c tio n  
w ith  the presence o f cy to tox ic  T c e lls  in  the g ra ft  is  
cons is ten t w ith , although not proof o f, cy to to x ic  c e lls  
p laying an important ro le  in  a llo g ra f t  re je c tio n . 
Nevertheless, the presence o f cy to to x ic  T c e lls  in  an 
a llo g ra f t  does not necessarily imply acute re je c t io n , as 
demonstrated by recent reports o f the presence o f 
moderate leve ls  o f s p e c if ic  cy to to x ic  T c e ll a c t iv i t y  in  
a c tiv e ly  enhanced ra t renal a llo g ra f ts  (Dallman, Wood & 
M orris , 1987).
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1.7.11 Rejection of mH incompatible grafts
The c e llu la r  requirements fo r  the re je c tio n  o f MHC 
id e n tica l but mH incompatible g ra fts  have been less 
ex tens ive ly  stud ied , but i t  appears th a t a DTH mechanism 
predominates over a cy to tox ic  T c e ll mediated mechanism.
There is  a requirement fo r  in vivo immunisation o f the 
responder s tra in  lymphocyte donor p r io r  to  th e ir  
incorporation  in mixed lymphocyte cu ltu res  fo r  the 
purpose o f ra is in g  mH antigen s p e c if ic  cy to to x ic  T c e lls .  
This probably re f le c ts  not only the re la t iv e ly  low 
precursor frequency o f T c e lls  capable o f recognising 
minor H, compared w ith  MHC, antigens, but also the 
re la t iv e  lack o f importance o f a Tc e ffe c to r mechanism in 
the re je c tio n  o f an mH incompatible g ra ft .  Indeed, i t  
appears from experimental evidence th a t the generation o f 
mH s p e c if ic  CTL and the re je c tio n  o f mH incompatible 
g ra fts  are under the contro l o f separate I r  genes in 
mice, since mouse s tra in s  e x is t th a t can re je c t H-Y 
incompatible skin g ra fts  in the absence o f H-Y s p e c if ic  
CTL, and conversely, th a t are able to  generate H-Y 
s p e c if ic  CTL but are unable to  re je c t H-Y incompatible 
skin  g ra fts  (Hurme, Chandler, Hetherington e t a l , 1978). 
However, i t  is  d i f f i c u l t  to  e n t ire ly  exclude a ro le  fo r  
CTL, since i t  has been described convincing ly th a t w hile  
re je c tio n  o f mH incompatible skin by ir ra d ia te d  ra ts  was 
restored by the tra n s fe r o f primed T helper c e lls  alone,
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the add ition  o f e ith e r primed or unprimed Tc precursors 
to  the inoculum d ram atica lly  reduced the re je c tio n  time 
(Mason, Dallman, A rthur e t a l , 1984).
1.7 .12  Summary and current views on e ffe c to r mechanisms 
of a llo g ra ft  re jec tio n
From the foregoing account, i t  is  apparent th a t there 
is  strong evidence, from d if fe re n t types o f experiments, 
th a t T lymphocytes o f both the Th (CD4) and Tc (CD8) 
phenotypes may play a ro le  in  the g ra ft  re je c tio n  
process. Although the data a r is in g  from adoptive 
tra n s fe r experiments appear to  support a ro le  fo r  DTH in 
g ra ft  re je c tio n , the p o s s ib i l i ty  o f a co n tr ib u tio n  from 
host cy to tox ic  c e lls ,  p a r t ic u la r ly  in the ATXBM animals, 
must be considered. Furthermore, as pointed out by Mason 
e t al (1984), i t  is  possible th a t tra ns fe rre d  CD4 T c e lls  
may in te ra c t w ith  class I I  p o s itive  c e lls  in  the 
a llo g ra f t  (e .g . in t e r s t i t ia l  d e n d rit ic  c e lls )  re s u lt in g  
in lymphokine production and thereby induction o f class 
I I  MHC antigens on vascular endothelium and other ta rg e t 
c e lls  o f the g ra ft .  These class I I  p o s itive  c e lls  may 
then be susceptib le  to  class I I  re s tr ic te d  cy to to x ic  T 
c e lls  o f the T helper (CD4) phenotype. Caution is  
the re fo re  required in  equating func tion  w ith  phenotype o f 
T c e lls ,  and consideration must also be given to  the 
concept th a t the lymphocyte surface antigens may not 
necessarily  be stab le  markers.
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I f  both cy to tox ic  T c e lls  and DTH mechanisms con tribu te  
to  g ra ft  re je c tio n , the balance between these may well 
depend on the g e n e tica lly  determined responder s ta tus o f 
the re c ip ie n t w ith  respect to  the donor s tra in ,  and i t s  
e ffe c t on the degree o f dominance o f the class I or class 
I I  re s tr ic te d  response. Therefore i t  is  im portant to 
take in to  account the donor and re c ip ie n t s tra in  
combination in the in te rp re ta tio n  o f data on mechanisms 
o f g ra ft re je c tio n .
A fu r th e r important fa c to r determining the mechanism o f 
re je c tio n  may be the nature o f the a llo g ra f t .  There may 
well be c ruc ia l d iffe rences between the predominant 
mechanism o f skin a llo g ra f t  re je c tio n  and th a t 
responsible fo r  re je c tio n  o f a vascularised g ra ft ,  as 
well as d iffe rences between the d if fe re n t types o f 
vascularised g ra fts . Of p a r tic u la r  relevance to  the
present work is  the fa c t th a t in  only one reported
adoptive tra n s fe r study was a renal a llo g ra f t  model used.
L a s tly , although T c e lls  play an essentia l ro le  in
a llo g ra f t  re je c tio n , i t  may be th a t the possible
co n trib u tio n  o f antibody to  acute g ra ft  re je c tio n  has not 
received s u f f ic ie n t  a tte n tio n . A lloan tibody production 
by B c e lls  is  a T c e ll dependent process and antibody 
might con tribu te  to  g ra ft  re je c tio n  by ADCC invo lv ing  NK 
c e lls  or macrophages, both o f which are found in 
abundance in  re je c tin g  a llo g ra f ts .
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1.8 Aims
The ove ra ll aim o f th is  thes is  was to examine the 
c e llu la r  e ffe c to r mechanisms o f renal a llo g ra f t  re je c tio n  
in the ra t.  This was approached i n i t i a l l y  by observing 
the c e llu la r  events occurring in ra t renal a llo g ra fts  
undergoing unmodified re je c tio n . Subsequent experiments 
were performed on ra ts  which had been rendered lymphocyte 
d e f ic ie n t,  e ith e r by ir ra d ia t io n  or by inheritance 
(co n g e n ita lly  athymic anim als), such th a t they were 
unable to  re je c t an a llogene ic  kidney. The a b i l i t y  o f T 
lymphocytes to cause renal a llo g ra f t  damage was 
investiga ted  by adoptive ly  tra n s fe rr in g  T c e ll 
subpopulations, prepared by negative se le c tio n , to 
lymphocyte depleted a llo g ra f t  re c ip ie n ts . In a d d itio n , 
th is  thes is  studied the c e llu la r  mechanisms by which the 
subcapsular in je c tio n  o f T lymphocyte subpopulations was 
able to  mediate a loca l renal g ra ft  versus host reaction 
in FI hosts.
I t  was an tic ip a ted  th a t the re su lts  o f such experiments 
might provide a ra tio n a l basis fo r  the development o f 
s tra te g ies  to  prevent g ra ft  re je c tio n .
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CHAPTER TWO 
MATERIALS AND METHODS
2.1 Animals
Inbred male ra ts  o f the fo llo w ing  s tra in s  were obtained 
from Harlan Olac L td .: PVG(RTlc), DA(RTla), LEW(RTll),
AO(RTlu), PVGrl(RTl.Aavl,Bc,Cc,Dc); FI hybrid ra ts  o f 
(LEWxDA), (PVGxDA), and (PVGrlxPVG) s tra in s ; and 
PVG-rnu/rnu(RTlc). The rUH 9ene was backcrossed from an 
outbred population onto the inbred PVG lin e  in 1977, 
which has since under gone 12 backcrosses and 12 
in tercrosses a ltoge the r, and is  now f irm ly  established 
(A.G.Peters, Harlan Olac L td ., personal communication).
PVGrl9(RTl.Aavl,Bavl,Cc,Davl) s tra in  ra ts  were k in d ly  
provided by Dr Geoff Butcher (AFRC In s t i tu te  o f Animal 
Physiology, Babraham, Cambridge). FI hybrids o f 
(PVGrlxPVGrl9) s tra in s  were bred in the animal f a c i l i t y  
a t the U n ive rs ity  Department o f Surgery, Western 
In firm a ry , Glasgow. A ll animals were housed in  the 
animal f a c i l i t y  and maintained on standard ra t d ie t and 
water. PVG-rnu/rnu ra ts  and irra d ia te d  ra ts  were housed 
in s te r i le  cages w ith in  laminar flow  is o la to rs , and 
were provided w ith  s te r i le  water and bedding. 
Irra d ia te d  animals received oxy te tracyc line  hydrochloride 
(5 g/L) in  th e ir  d rink ing  water.
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2.2 Irrad ia tion
Whole body gamma ir ra d ia t io n  was administered from a 
6®Cobalt source a t a ra te  o f 1-1.2 Gy per minute. 
Animals were ir ra d ia te d  a t a distance o f one metre to  the 
mid-plane o f the body and the ir ra d ia t io n  tim e, which 
was e le c tro n ic a lly  co n tro lle d , was ca lcu la ted  w ith  a 
program co rrec ting  fo r  isotope decay. During ir ra d ia t io n  
the ra ts , which were not anaesthetised, were restra ined  
in  a p la s t ic  conta iner.
2 .3  Surgical procedures
2 .3 .1  Renal transplantation
Kidney donor and re c ip ie n t ra ts  were anaesthetised w ith  
5% halothane in oxygen, or w ith  e ther, u n t i l  they lo s t 
consciousness, and were then given an in tra p e rito n e a l 
in je c tio n  o f 0 .7 -1 .2  mis o f 7.5% ch lo ra l hydrate in  
sa lin e . The precise dose o f ch lo ra l hydrate depended on 
the ra t s tra in  used since s tra in s  d if fe re d  in  th e ir  
s u s c e p t ib i l i ty .  Anaesthetised animals were shaved and 
swabbed w ith  ch iorhexid ine in 70% a lcoho l. Renal 
tra nsp lan ta tion  was performed e s s e n tia lly  as described by 
Fabre & M orris (1975).
100
The donor ra t was opened w ith  a m id line  abdominal 
in c is io n , the in te s tin e s  were displaced and covered w ith  
a gauze swab moistened w ith  s te r i le  sa lin e , and the l e f t  
kidney, renal vessels and ure te r were m obilised. This 
procedure was repeated in the re c ip ie n t ra t ,  and a fte r  
p lacing occlusive c lip s  across the renal a rte ry  and 
ve in , the renal vessels and u re te r were d iv ided and the 
kidney removed. Next, the donor ra t was heparinised (100 
un its  per r a t ) ,  the donor kidney, was excised and 
immediately trans fe rred  to  a P e tri dish containing 
ice -co ld  sa lin e . The excised kidney was flushed o f 
excess blood by applying gentle external pressure.
The donor kidney was then transplanted in to  the le f t  
o rtho top ic  s ite  o f the re c ip ie n t ra t w ith  end-to-end 
anastomosis o f the renal a rte ry  and renal vein using a 
10/0 in te rru p ted  suture (Ethicon L td .) .  The vascular 
c lip s  were removed, thereby re -es ta b lish in g  the blood 
flow  to  the transplanted kidney. The donor u re te r was 
then anastomosed end-to-end to  the re c ip ie n t u re te r w ith  
a 10/0 in te rrup ted  suture. Ischaemia times o f the kidney 
during transp lan ta tion  were approximately 25 min (maximum 
35 min) and during the ischaemic period, the g ra ft was 
cooled by frequent app lica tion  o f cold sa line  to minimise 
ischaemic damage. A fte r completion o f the anastomosis, 
the in te s tin e s  were replaced, and the abdomen was closed 
in  two layers w ith  a continuous 3/0 cat gut suture 
(Ethicon L td .) .
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2 .3 .2  Contralateral nephrectomy
Depending on the experiment, co n tra la te ra l nephrectomy 
was performed e ith e r a t the time o f tra nsp la n ta tion  
(immediate nephrectomy) or seven days la te r  (delayed 
nephrectomy). Immediate nephrectomy was performed by 
m ob ilis ing  the r ig h t  kidney and p lacing a s ing le  3/0 s i lk  
suture (Ethicon L td .)  around the r ig h t renal a rte ry , 
renal vein and u re te r, then excising the kidney. Delayed 
nephrectomy was performed in  a s im ila r  fash ion , but 
usua lly  through an in c is io n  in the r ig h t  f la n k .
2 .3 .3  Thymectomy
The thymus was removed from young adu lt ra ts  through a 
ce rv ica l in c is io n  as described by Rolstad & Ford (1974).
2 .3 .4  Thoracic duct cannulation
The tho rac ic  duct o f adu lt ra ts  was cannulated by the 
method described by Ford (1978). Animals were then 
placed in  re s tra in in g  cages and received an intravenous 
in fus ion  o f s te r i le  Dulbecco's A & B medium (DAB, Oxoid 
L td .)  containing one u n it per ml heparin, v ia  the t a i l  
ve in .
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2 .3 .5  Skin g rafting  ( fo r  sen s itisa tion )
Rats received two sequential f u l l  thickness skin g ra fts  
to  the dorsal s ide , two weeks apart, as described by 
Roser & Ford (1972). Sensitised ra ts  were used in 
experiments 1-2 months a fte r  re je c tio n  o f the second skin 
g ra ft .
2 .4  Cells and tissues
A ll procedures w ith  c e lls  were performed in  DAB 
conta in ing e ith e r 2% fo e ta l c a lf  serum (DAB/FCS) or in  
DAB containing 0.2% bovine serum albumin (DAB/BSA).
2 .4 .1  Lymph node c e lls
Cervical and mesenteric lymph nodes were removed from 
ra ts  th a t had been sa c rif ic e d  by ce rv ica l d is lo c a tio n . 
The excised lymph nodes were pooled, cut w ith  a scalpel 
blade and then pushed through a fin e  s ta in le ss  stee l mesh 
w ith  a 5ml syringe plunger, in DAB/FCS or DAB/BSA. Lymph 
node c e lls  were washed two or three times and aggregates 
o f dead c e lls  removed w ith  a pasteur p ip e tte .
2 .4 .2  Spleen c e lls
Spleens were removed from sa c rif ic e d  ra ts , and teased 
apart w ith  disposable p la s t ic  forceps in  DAB/FCS or 
DAB/BSA. C ells were washed once and aggregated dead 
c e lls  were removed. Erythrocytes were removed from the
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c e ll p e lle t  by hypotonic ly s is  (5mls d is t i l le d  water 
fo llowed by 5mls double strength s a lin e ). Splenocytes 
were washed three more times before use.
2 .4 .3  Sensitised lymphocytes
S p e c if ic a lly  sensitised  lymphocytes were prepared from 
the pooled mesenteric and ce rv ica l lymph nodes o f animals 
th a t had re jected two sequential skin a llo g ra fts  (H a ll, 
Dorsch & Roser, 1978).
2 .4 .4  Thoracic duct lymphocytes
Lymph was co llec ted  on ice from the th o rac ic  duct 
cannula d ra in ing  in to  a s te r i le  f la s k  conta in ing 5 ml DAB 
plus 100 u n its  heparin. Thoracic duct lymphocytes (TDL) 
were washed once in  DAB/FCS or DAB/BSA before use.
2 .4 .5  Bone marrow c e lls
Bone marrow was co llected  from the femurs and t ib ia  
removed a s e p tic a lly  from sa c rif ic e d  ra ts , by flu sh in g  
through w ith  Hanks balanced s a lt  so lu tion  (HBSS, Gibco 
L td .)  conta in ing 10 u/ml heparin and 2% FCS. The bone 
marrow was aspirated several times through a 21 gauge 
needle to  disperse the c e lls ,  then f i l te r e d  through a 
loose cotton wool plug. Cells were washed once in 
HBSS/FCS and counted in  a haemocytometer, before 
in je c tin g  intravenously in to  the re c ip ie n t.
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2 .4 .6  Foetal l iv e r  c e lls
Foeti were removed from pregnant ra ts  s a c r if ic e d  on 
days 17-19 o f gesta tion to  provide fo e ta l l iv e r  c e lls ,  as 
described by Hunt & Fowler (1981). Foetal l iv e rs  were
dissected and placed in  cold DAB/FCS. L ivers were pushed
through a f in e  s ta in le ss  steel mesh, then the re su ltin g
c e ll suspension was washed tw ice in  DAB/FCS and the 
aggregated dead c e lls  were removed. C ells were counted
in  a haemocytometer then in jec ted  in travenously in  a 
volume o f 1ml in to  the re c ip ie n t ra t .
2 .4 .7  Cell lin es
The ra t myeloma lin e  Y3 (RT1U; G a lfre , M il s te in  & 
W right, 1979) and the mouse lymphoma lin e  YAC-1 (Sjogren 
& Hellstrom , 1965), both o f which are susceptib le  to  NK 
c e ll mediated ly s is ,  and the mouse mastocytoma P815 (Dunn 
& P o tte r, 1957) which is  reported to  be NK re s is ta n t but 
"ac tiva ted  NK-susceptible" were used as ta rg e t c e lls  in 
in  v i t r o  c y to to x ic ity  assays. They were maintained by 
frequent subculture in  tissue  cu ltu re  medium comprising 
RPMI 1640, 10% fo e ta l c a lf  serum, 2 mM glutamine, and
100 U/ml p e n ic i l l in  + 100 ug/ml streptomycin ( a l l  from 
Gibco L td .) .
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2 .A .8 Concanavalin A-stimulated lymphoblasts
^Chromium (^ C r )  labe lled  Concanavalin A 
(ConA)-stimulated lymphoblasts were used as ta rg e t c e lls  
in  lymphocyte mediated c y to to x ic ity  assays.
Lymphocytes were prepared from ra t spleens as described 
above, and adjusted to  a concentration o f 2-2.5 x 
10* ce lls /m l in  RPMI contain ing 10% FCS, glutamine, 
p e n ic i11 in ,streptom ycin  and 2 x 10“ ^M 2-mercapto- 
ethanol (BDH L td .) . 10 mis c e ll suspension were 
incubated in  tissue  cu ltu re  fla sks  w ith  5 ug/ml 
Concanavalin A (Sigma Chemical Co.) fo r  72 hours a t 37C 
in  5% C02 in  a ir .  Lymphoblasts were washed once and 
counted before use.
2.5  Cell subpopulations
Lymphocyte subpopulations were prepared by negative 
se lec tion  using a m od ifica tion  o f the in d ire c t rose tte  
depletion method described by Mason (1981). The p u r ity  
o f the subpopulations was checked by c e ll so rte r analysis 
or by immunoperoxidase la b e llin g  o f cytocentrifuged s lid e  
preparations.
2 .5 .1  In d ire c t rosette depletion
LNC were depleted o f lymphocyte subpopulations 
according to  th e ir  re a c t iv ity  w ith  the mouse a n t i- ra t  
monoclonal antibodies MRC 0X12, MRC 0X8, W3/25 and MRC
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0X22 (see 2.6 A n tibod ies). LNC were incubated w ith 
sa tu ra ting  concentrations o f the appropriate antibodies 
fo r  one hour, on ice . A fte r washing the c e lls  three 
times in DAB/FCS, they were mixed w ith  sheep erythrocytes 
which had been coated w ith  ra b b it anti-mouse Ig (Dako 
L td .) using 0.1% chromic ch lo rid e . This resu lted  in 
rose tte  formation between the sheep c e lls  and the 
antibody-coated lymphocytes. To improve the separation 
and p u r ity  o f the subpopulations, large lymphocyte- 
ery th rocyte  aggregates were formed by mixing the c e lls  
w ith  sheep erythrocytes coated w ith  mouse IgG (Dako 
L td .) .  The rose tte  aggregates were then separated from 
the unlabelled lymphocytes by layering  over a m ixture o f 
F icol 1 (BDH L td .) and sodium m etrizoate (Nyegaard L td .) 
w ith  a s p e c if ic  g ra v ity  o f 1.088, and ce n tr ifu g in g  a t 
1200g fo r  30 min a t room temperature (RT). The depleted 
lymphocyte subpopulation was harvested from the 
in te rfa ce , and washed three times in DAB/FCS before use.
2 .5 .2  Analysis of lymphocyte subpopulations
The p u r ity  o f the c e lls  obtained was determined on 
every occasion and found to  be contaminated w ith  less 
than 0.5% unwanted c e ll types.
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2.5 .2 .1  EPICS c e ll fluorescence analysis
A liquots  o f 1-2 x 10^ c e lls  were incubated w ith  
re levant or contro l monoclonal antibodies fo r  one hour on 
ice , then washed tw ice in DAB/BSA. They were then 
incubated fo r  one hour a t 4C w ith  FITC-conjugated goat 
anti-mouse antibodies (Sigma Chemical Co.) containing 20% 
normal ra t serum to prevent cross reaction  o f the 
antibody w ith  c e ll surface bound ra t Ig . A fte r washing 
once in  DAB/BSA, the p u r ity  o f the c e lls  was determined 
by counting 10,000 c e lls  using an EPICS fluorescence 
activa ted  c e ll analyser (Coulter E lec tron ics  L td .) .
2 .5 .2 .2  Immunoperoxidase analysis
A liquo ts  o f 10^ c e lls  were centrifuged onto 
microscope s lid e s  in  a Cytospin 2 cy tocen trifuge  (Shandon 
L td .) .  Cytopreps were fixed  fo r  30 seconds a t 4C in  cold 
buffered form alin/acetone (Yam, Li & Crosby, 1971) then 
labe lled  fo r  45 minutes w ith the re levan t or contro l 
monoclonal an tibod ies, in  a hum idified perspex s ta in in g  
chamber a t room temperature. A fte r washing three times 
in  DAB, peroxidase-conjugated ra b b it anti-mouse 
antibodies (Dako L td .) contain ing 10% normal ra t  serum 
were added to  the s lid e s , fo r  30 min a t RT. S lides were 
washed again, then incubated w ith  the peroxidase 
substra te , 0.6 mg/ml 3 ,3 '-d iam i nobenzidine te tra -  
hydrochloride (Sigma Chemical Co.) plus 0.01% hydrogen 
peroxide, fo r  5 min. S lides were washed, counterstained
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l ig h t ly  w ith  H a rr is 's  haematoxylin (BDH L td .) ,  dried 
and mounted in  DPX (BDH L td .) ,  fo r  microscopy. 400 
c e lls  per s lid e  were counted, w ith  the aid o f a squared 
eyepiece g ra tic u le .
2 .6  Antibodies
Monoclonal mouse a n t i- ra t  antibodies (MAbs) used fo r  
id e n tify in g  ra t leukocyte populations are described in  
Table 2 .1 . A range o f mouse MAbs were used both to  
characterise and to  quan tify  MHC antigen expression, and 
they are described in Table 2.2. MHC 0X21 is  a mouse MAb 
against human C3b in a c tiv a to r (Hsiung, Barclay, Brandon 
e t a l , 1982) and was used as a negative c o n tro l.
Secondary polyclonal an ti sera were used to  detect the 
presence o f the primary MAbs by a range o f techniques, 
fo r  which the antiserum had been approp ria te ly  
conjugated. Peroxidase-conjugated ra b b it anti-mouse Ig 
was purchased from Dako L td ., (High Wycombe). 
FITC-conjugated goat anti-mouse Ig was obtained from 
Sigma Chemical Co (D orset), and ^-^^I-conjugated 
sheep anti-mouse F(ab')2 was from Amersham In te rn a tio n a l, 
Aylesbury.
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Table 2.1 Monoclonal mouse antibodies detecting ra t leukocytes
ANTIBODY
MRC 0X1 
MRC 0X8
W3/25
MRC 0X19 
MRC 0X12
MRC 0X39 
W3/13
MRC 0X22 
EDI
SPECIFICITY
Leukocyte common antigen
CD8+ cytotoxic/suppressor 
T c e lls ,  m a jo rity  o f natural 
k i l l e r  c e lls
CD4+ helper T lymphocytes, 
some macrophages
Peripheral T lymphocytes
Ig kappa chain on B 
lymphocytes
IL-2 receptor
T c e lls ,  neutroph ils  
& plasma c e lls
B lymphocytes, MRC 0X8+ and 
67% o f W3/25+ peripheral T 
c e lls ,  NK c e lls
Macrophages, 
d e n d r it ic  c e lls
REFERENCE
Sunderland e t al 
(1979)
Gilman e t al (1982) 
Daliman e t al (1982) 
C antre ll e t al (1982)
Brideau e t al (1980) 
Barclay e t al (1981)
Dallman e t al (1982)
Hunt & Fowler (1981)
Je ffe r ie s  e t al 
W illiam s e t al (1977)
S p icke tt e t al (1983) 
D ijk s tra  e t a l (1985)
Table 2.2 Monoclonal mouse antibodies detecting ra t MHC antigens
ANTIBODY
MRC 0X18 
MRC 0X6
MRC 0X17
MN4-91-6
F17-23-2
SPECIFICITY
MHC class I antigen
MHC class I I  I /A - l ik e  
antigen
MHC class I I  I /E - l ik e  
antigen
Polymorphic determinant 
o f MHC class I 
(DA(RTla)p o s it iv e , 
PVG(RT1C)negative)
Polymorphic determinant 
o f MHC class I I  
(DA(RTla)p o s it iv e , 
PVG(RTlc)negative
REFERENCE
Fukumoto e t al (1982) 
McMaster e t al (1979)
Fukumoto e t al (1982)
M ilton  & Fabre (1985)
M ilton  & Fabre (1985) 
Hart & Fabre (1981)
2.7 Histology
2 .7 .1  Preparation o f cryostat sections
Tissue samples were embedded in  OCT compound 
(Tissue-Tek, BDH L td ), snap frozen in  l iq u id  n itrogen and 
c ryosta t sections were cut a t -20C onto g e la tin ise d  
m u ltispo t s lid e s  (C.A.Hendley, Essex).
2 .7 .2  Immunoperoxidase staining
Sections were fixe d  in acetone a t room temperature fo r  
10 min, then washed in DAB. Excess moisture was dried 
from around each section , then 50pl o f primary monoclonal 
antibody, app rop ria te ly  d ilu te d , were applied to  each 
section . S lides were incubated fo r  45 min a t RT in a 
hum idified chamber, then washed three times in  DAB. The 
secondary antibody was applied, consisting  o f 
peroxidase-conjugated ra b b it anti-mouse Ig conta in ing 10% 
normal ra t serum to absorb out any crossreacting 
a c t iv i t y .  A fte r 30 min incubation a t RT, the s lid e s  were 
washed three times and the substrate was added, as fo r  
cytopreps (section  2 .5 .2 .2 ). A fte r countersta in ing
l ig h t ly  in  H a rr is 's  haematoxylin, the sections were 
dehydrated and cleared in alcohols and xylene, then 
mounted in  DPX (BDH L td ).
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2 .7 .3  May-Grunwald and Giemsa staining
For morphological id e n t if ic a t io n  o f d if fe re n t c e ll 
types, cy tocen trifuge  s lid e  preparations were flooded 
w ith  May-Grunwald so lu tion  (BDH L td .) fo r  3 min, washed 
w ith  d is t i l le d  water, flooded again w ith  Giemsa (BDH 
L td .) d ilu te d  1:30 fo r  12 min, washed again w ith  
d is t i l le d  water, a ir  dried and mounted in DPX.
2 .7 .4  Morphometric analysis of c e llu la r  in f i l t r a t e
The area o f each immunoperoxidase-labelled tissue  
section in f i l t r a te d  by leukocytes o f a p a r tic u la r  
phenotype was determined by morphometric analysis using 
the po in t counting technique (Aherne & D u n n ill, 1982; 
McWhinnie, Thompson, Taylor e t a l , 1986). Sections were 
examined a t a m agnifica tion  o f 400 in the presence o f a 
microscope eyepiece g ra tic u le  engraved w ith  a squared 
g rid  bearing e ith e r 121 in te rsec tions  (1mm apart) or 745 
in te rsec tion s  (0.5mm a p a rt). For each high power f ie ld ,  
the number o f p o s it iv e ly  stained c e lls  superimposed by an 
in te rse c tio n  was counted and the area o f the f ie ld  
occupied by c e lls  o f a p a r tic u la r  phenotype was 
ca lcu la ted as:
% area o f i n f i l t r a t e  = no. +ve g rid  in te rsec tio ns  x 100
to ta l no. g rid  in te rsec tion s
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Most sections were counted w ith  the 745 po in t g ra ticu le  
but i f  there was a very heavy in f i l t r a t e  the section was 
counted w ith  the 121 po in t g ra tic u le . Ten consecutive 
f ie ld s  were counted fo r  each section , so th a t fo r  a ll  
sections the to ta l number o f po in ts observed was well in 
excess o f th a t required to  maintain the accuracy o f the 
po in t counting technique (Aherne & D u n n ill, 1982).
This technique has been evaluated in our own labora tory 
and has been shown to  produce a re lia b le  estimate o f 
c e llu la r  in f i l t r a t io n  in kidney a llo g ra f ts ,  since two 
independent observers counting d if fe re n t areas o f the 
same section obtained re su lts  th a t co rre la ted  very 
c lose ly  (Armstrong, Bolton, McMillan e t a l , 1987).
2.8  ATXBM rats
A dult thymectomised, ir ra d ia te d , bone marrow 
reconstitu ted  (ATXBM) ra ts  were investiga ted  as 
p o te n tia lly  su ita b le  kidney a llo g ra f t  re c ip ie n ts  in 
adoptive tra n s fe r experiments. Adu lt ra ts  were 
thymectomised and allowed to recover fo r  3-4 weeks before 
being le th a l ly  ir ra d ia te d  w ith  100 Gy. They then 
received an intravenous inoculum o f approximately 
107 bone marrow c e lls  from a syngeneic donor th a t 
had undergone tho rac ic  duct drainage fo r  48-72 hours to 
deplete mature T lymphocytes from the bone marrow (Howard 
& S cott, 1972). ATXBM ra ts  were housed in  an is o la to r
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and received 5 g/1 o xy te tracyc line  hydrochloride in th e ir  
d rink ing  water, u n t i l  they were used not less than two 
weeks la te r .
2 .9  Cell mediated cy to to x ic ity
2 .9 .1  Preparation of e ffe c to r c e lls
Spleen c e lls  or g ra ft in f i l t r a t in g  c e lls  were used as 
e ffe c to rs  in c e ll mediated c y to to x ic ity  assays. Spleen 
c e lls  were prepared as described in section 2 .4 .2 . On 
occasions, macrophages were removed by e ith e r p la s t ic  
adherence (c e lls  were incubated in p la s t ic  p e tr i dishes 
in  the absence o f serum, a t 37C fo r  one hour, and the 
e ffe c to r c e lls  re tr ieve d ) or by carbonyl iron  (Sigma) 
treatment (c e lls  were incubated w ith  10 mg/ml carbonyl 
iron  fo r  one hour a t 37C, then adherent macrophages and 
iron  p a rtic le s  removed w ith  a strong magnet). 
Splenocytes were resuspended in RPMI/5%FCS/20mM Hepes fo r  
use in  the c y to to x ic ity  assay.
G ra ft in f i l t r a t in g  c e lls  were prepared by mincing the 
excised kidney a llo g ra f t  w ith  a scalpel blade. In 
e a r lie r  experiments, e ffe c to r c e lls  were extracted by 
enzyme d igestion  w ith hyaluronidase and collagenase, as 
described by Bradley, Mason & Morris (1985). However, i t  
was d i f f i c u l t  to get co ns is ten tly  good c e ll v ia b i l i t y  
using th is  technique and in  subsequent experiments a 
Perco ll separation method was employed as fo llo w s . The
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kidney pieces were pushed through a f in e  s ta in le ss  steel 
mesh, then washed once in RPMI/5%FCS and e ffe c to r c e lls  
were separated by Percoll ce n trifu ga tio n  (Sigma). 90% 
stock Percoll was prepared w ith  calcium- and 
magnesium-free lOx HBSS plus lOmM Hepes b u ffe r. This was 
fu rth e r d ilu te d  w ith  s ing le  strength HBSS/lOmM Hepes to 
give an 80% and a 35% so lu tion  o f the stock 90% P e rco ll. 
G ra ft in f i l t r a t in g  c e lls  were resuspended in the 80% 
Percoll which was layered underneath 35% Percoll in  a 
centifuge tube. Cells were centrifuged a t 500g fo r  30 
min a t RT, during which time the erythrocytes and most 
macrophages and granulocytes pe lle te d , and dead c e ll 
debris formed a layer on top o f the 35% P e rco ll. 
Mononuclear e ffe c to r c e lls  re trieved  from the in te rfa ce  
were washed once in  RPMI/5%FCS/20mM Hepes and resuspended 
in  the same medium, to  be used in the 51Cr-release assay. 
V ia b i l i t y  was always >90%, assessed by trypan blue 
exclusion.
2 .9 .2  ^ C h r o m iu m  release assay
A standard ^ C r - r e l e a s e  assay based on the 
experiments by Brunner e t al (1968) was used, and the 
method was e s s e n tia lly  as described by Bradley e t al 
(1985). Target c e lls  in RPMI/FCS were labe lled  by 
incubating w ith  5 MBq 51Cr-sodium chromate fo r  90 
min a t 37C w ith  frequent m ixing. Cells were washed f iv e  
times then resuspended in medium. E ffec to r c e lls  were
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prepared as described above, and s e ria l twofo ld d ilu t io n s  
were made, to  give e ffe c to rr ta rg e t c e ll ra tio s  o f 100:1, 
50:1, 25:1, 12.5:1, 6:1 and 3:1.
Equal volumes (75jul) o f e ffe c to r and ta rg e t c e lls  were 
mixed in  w e lls  o f 96 V-well m ic ro t it re  p la tes (S te r i l in ,  
Teddington) so th a t each well contained 5x10^ or 
10^ ta rg e t c e lls ,  and each c e ll combination was set 
up in t r ip l ic a te  or quadruplicate. Spontaneous release 
from ta rge ts  was determined using medium instead of 
e ffe c to r c e lls ,  and maximum release obtained by adding 
10% T rito n  X (BDH) instead o f e ffe c to rs . The p la tes were 
centrifuged b r ie f ly  then incubated fo r  6 hours a t 37C in 
5% C02 in  a ir .  From each w e ll, 75/jl supernatant was 
harvested and the amount o f released isotope determined 
using a Compugamma counter (LKB, London). The fo llo w ing  
formula was used to  ca lcu la te  e ffe c to r c e ll mediated 
51(>-release from the ta rge ts :
% c y to to x ic ity  = (experimental-spontaneous re lease) x 100
(maximum-spontaneous release)
2.10 Q uantitative analysis of MHC antigens
The increased expression o f MHC class I and class I I  
antigens observed in immunoperoxidase stained cryos ta t 
seections o f re je c tin g  kidney a llo g ra fts  was measured 
q u a n tita t iv e ly  by preparing tissue  homogenates o f the 
re je c tin g  g ra fts  and performing MHC absorption analyses
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on those tissues using antibodies th a t detected only 
donor s tra in  MHC antigens and not MHC expressed on 
in f i l t r a t in g  host leukocytes.
2.10 .1  Preparation of tissue homogenates
Kidney g ra fts  were excised a t various time po in ts  a fte r  
tra n sp la n ta tio n , halved and frozen in l iq u id  n itrogen , 
and crushed w ith  a cooled pestle  and mortar. Three or 
f iv e  h a lf kidneys were pooled fo r  each time po in t and 
stored a t -70C u n t i l  homogenates were prepared fo llo w ing  
the method o f M ilton & Fabre (1985). The pooled tissues 
were homogenised mechanically w ith  a Teflon pestle  a t 4C 
in the presence o f T ris -b u ffe re d  sa line  conta in ing 5mM 
EDTA, 2mM phenylmethylsulphonyl f lu o r id e  and 2.5mM 
iodoacetamide to  in h ib it  p ro te o lys is . The washed 
homogenates were frozen a t -70C u n t i l  use.
2 .10 .2  Q uantitative analysis o f donor class I  MHC 
antigens
80jj! o f t r ip l in g  d ilu t io n s  o f each kidney homogenate 
were incubated w ith  8(tyil o f a predetermined d ilu t io n  o f 
donor-spec ific  a n ti-c la ss  I antibody MN4-91-6 
representing conditions o f ta rg e t antigen excess in  the 
assay system. A fte r incubation fo r  one hour a t 4C the 
supernatants were assayed fo r  the presence o f unbound 
antibody using an in d ire c t rad ioactive  binding assay 
(M orris & W illiam s, 1975). Duplicate 25pl samples o f
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supernatant were incubated w ith  25yl o f DA erythrocytes 
a t 10^ ce lls /m l (class I ta rg e t) fo r  one hour a t 4C, 
which were then washed tw ice and incubated w ith  lOOpl 
l ^ i - ia b e l le d  sheep anti-mouse F(ab')2 a t sa tu ra ting  
concentrations fo r  one hour a t 4C. The c e lls  were then 
washed and the cell-bound ra d io a c t iv ity  measured in  a 
gamma counter.
2 .10 .3  Q uantitative analysis of donor class I I  MHC 
antigens
The donor-spec ific  a n ti-c la ss  I I  antibody F17-23-2 was 
unsuitable fo r  absorption analysis because, although i t  
worked well fo r  immunoperoxidase la b e llin g , i t s  a f f in i t y  
did not appear to  be s u f f ic ie n t  to  prevent high free  
antibody concentrations in  the ana lys is . Instead, an 
assay using p u r if ie d  DA class I I  ( I -A - l ik e )  MHC antigen 
as the s p e c if ic  ta rg e t was developed and performed by Dr 
Sarah Spencer in  the labora tory o f Professor John Fabre, 
Blond Mclndoe Centre, East Grinstead, Sussex. B r ie f ly ,  
t r ip l in g  d ilu t io n s  o f kidney homogenates were incubated 
w ith  a predetermined d ilu t io n  o f a p o lysp e c ific  PVG 
anti-DA antisreum. A fte r incubation fo r  one hour a t 4C, 
the supernatants were assayed fo r  the presence o f unbound 
anti-DA class I I  antibody using a rad ioactive  binding 
assay. 25/j1 samples o f supernatant were placed in 
96-well PVC p la tes (Dynatech, Sussex) which had been 
previously coated w ith  the p u r if ie d  DA class I I  antigen.
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A fte r incubation fo r  one hour the w ells  were washed and 
incubated fo r  a fu r th e r hour w ith  50yl o f 
l ^ I - l a b e l l e d  F(ab ')2  anti-mouse F(ab*)2 which is  
h igh ly  crossreactive  (>80%) w ith  ra t F(ab‘ )2 and has been 
described elsewhere (M ilton  e t a l , 1986a). The w ells
were again washed, then cut out in d iv id u a lly  and the 
bound ra d io a c t iv ity  measured in  a gamma counter.
2.11 Induction o f renal g ra ft versus host reaction
A loca l g ra ft  versus host reaction  (GVHR) was produced 
in FI ra ts  by in je c tin g  parental c e lls  under the kidney 
capsule as described by E lkins (1964). Under ether 
anaesthesia, FI ra ts  were opened by a m id line  in c is io n  
and the l e f t  kidney was exposed. An inoculum o f parental 
lymph node c e lls  in  a volume o f 0.1 mis DAB/FCS was then 
in jec ted  under the l e f t  kidney capsule w ith  a 30 guage 
s ta in le ss  stee l needle. Seven days la te r ,  animals were 
s a c r if ic e d  and both kidneys were removed and weighed. 
The ra t io  o f the weights o f the in jec ted  to  the 
noninjected co n tra la te ra l kidney (K i/Kc) was ca lcu la ted 
to  provide a means of- comparing d if fe re n t experimental 
groups (E lk in s , 1966). In a dd ition , in jec ted  kidneys 
were graded fo r  the presence o f a local GVHR by 
assessment o f g rossly observable lesions and by 
h is to lo g ic a l examination o f haematoxylin and eosin 
stained p a ra ffin  sections.
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2.12 Popliteal lymph node assay
The a b i l i t y  o f g ra ft  in f i l t r a t in g  c e lls  to  mediate a 
regional GVHR was assessed by e x tra c tin g  the c e lls  as 
described in section 2.9.1 and in je c tin g  them in to  the 
footpads o f FI ra ts , according to  the method o f Ford 
(1978). Three graded doses o f g ra ft in f i l t r a t in g  c e lls  
were compared w ith  s im ila r  doses o f splenocytes from the 
same ra t fo r  th e ir  a b i l i t y  to cause enlargement o f the 
p o p lite a l lymph nodes by day 7 a fte r  in je c tio n . The 
nodes were weighed to  an accuracy o f 0.1 mg and the log 
median response o f t r ip l ic a te  assays was ca lcu la ted fo r  
each dose le v e l.
2.13 Radiation chimaeras
Chimaeric ra ts  were produced by whole body ir ra d ia t io n  
and immediate re co n s titu tio n  w ith  haemopoietic tissu e . 
The re su ltin g  chimaeras were used as kidney donors so 
th a t the g ra fts  had bone marrow-derived passenger
leukocytes th a t were syngeneic w ith  the g ra ft  re c ip ie n t 
but parenchymal c e lls  and vascular endothelium th a t were 
a llogene ic . Chimaeric ra ts  were also used as re c ip ien ts  
o f in jec ted  parental c e lls  in the inve s tig a tio ns  o f the
renal g ra ft versus host reaction . FI ra ts  were irra d ia te d
w ith  100 Gy from a 60Cobalt source o f gamma
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rad ia tion  and were reconstitu ted  the same day w ith 
approximately 10® haemopoietic c e lls  prepared from 
parental s tra in  fo e ta l l iv e rs  as described in  section
2.4 .6  (Hunt & Fowler, 1981). The chimaeric sta tus o f a l l  
animals was tested on lymphocytes prepared from a s ing le  
excised ce rv ica l lymph node. Lymphocytes were incubated 
w ith  cy to tox ic  a llo a n tise ra  (ra ised against each parental 
s tra in )  and complement, and the subsequent v ia b i l i t y  o f 
the treated c e lls  was assessed by s ta in in g  them w ith  
fluo resce in  d iacetate and ethidium bromide, and counting 
the c e lls  using fluorescence microscopy. In t r u ly  
chimaeric animals, c e lls  were lysed by a llo a n tise ra  
raised against the same parental s tra in  as the fo e ta l 
l iv e r  donor but not by an tisera  d irected  against the 
other parental s tra in . Only animals th a t were f u l ly  
chimaeric by the above c r i te r ia  were used in  experiments.
2.14 Analysis of serum antibody t i t r e s
The t i t r e  o f c irc u la tin g  antibodies d irected  against 
donor s tra in  ra ts  was determined from a sample o f blood 
taken from the renal a llo g ra f t  re c ip ie n t a t d if fe re n t 
time po in ts a fte r  transp la n ta tio n . Serum samples were 
decomplemented a t 56C fo r 30m, centrifuged b r ie f ly  to 
remove p ro te in  aggregates, s e r ia l ly  d ilu te d  in 
RPMI/5%FCS/20mM Hepes and mixed w ith  ^ C r- la b e lle d  
splenocytes prepared from re levant and th ird  party s tra in
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ra ts . A fte r incubating fo r  30m a t RT, fre sh ly  
reconstitu ted  guinea pig complement (Sera-Lab, Sussex) 
d ilu te d  1 in  5 was added, and the c e lls  were incubated 
fo r  one hour a t 37C. The ^ C r  released in to  the 
supernatant was counted in  a gamma counter, and t i t r a t io n  
curves o f % ^ C r  release against serum d ilu t io n  were 
constructed fo r  each serum sample.
2.15 S ta t is t ic a l analysis 
S ta t is t ic a l analysis o f data was performed using the 
Mann-Whitney U te s t.  A p value o f 0.05 or less (two 
ta ile d )  was considered s ig n if ic a n t .
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CHAPTER THREE
CELLULAR EVENTS OCCURRING IN 
RAT RENAL ALLOGRAFTS UNDERGOING 
UNMODIFIED REJECTION
3.1 Introduction
The c e llu la r  events which precede the destruction  o f 
an a llo g ra f t  have been extensive ly  studied in  a v a r ie ty  
o f animal models. A well recognised fea ture  occurring 
in a l l  types o f a llo g ra f t  undergoing unmodified re je c tio n  
is  the rapid and progressive accumulation o f a 
heterogeneous population o f mononuclear c e lls  w ith in  the 
g ra ft (Hayry, von W illebrand, Parthenais e t a l , 1984). 
The functiona l re p e rto ire  o f these c e lls ,  when harvested 
and tested in v i t r o , has ty p ic a lly  included a llo s p e c if ic  
c y to to x ic ity  against the donor which, as already 
described, gave r is e  to  the notion th a t cy to to x ic  T c e lls  
may cause g ra ft  re je c tio n . More re ce n tly , i t  has become
apparent th a t c e llu la r  in f i l t r a t io n  o f re je c tin g
a llo g ra fts  may be associated w ith  an increase in  the 
expression o f class I and class I I  MHC antigens by the 
tissues w ith in  the g ra ft  - presumably as a consequence 
o f lymphokines released from g ra ft in f i l t r a t in g  c e lls  
(Fabre, M ilton , Spencer e t a l , 1987). This phenomenon
might be important since increased MHC expression may, in 
p r in c ip le , con tribu te  to  g ra ft re je c tio n  both by 
in i t ia t in g  the re je c tio n  response and by making the g ra ft 
more susceptib le to  e ffe c to r mechanisms.
This thes is  is  concerned w ith the ra t renal a llo g ra f t  
model and in th is  chapter a de ta iled  analysis o f the 
c e llu la r  events occurring during unmodified ra t renal
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a llo g ra f t  re je c tio n  was undertaken. Immunohistological 
observations were made to  determine both the magnitude 
and phenotype o f c e llu la r  in f i l t r a t io n  o f the g ra ft  and 
the pattern  o f associated induction  o f donor s tra in  MHC 
antigen expression. A func tiona l analysis o f harvested 
g ra ft in f i l t r a t in g  c e lls  was ca rried  out and, in 
a d d itio n , experiments were performed to assess the 
co n trib u tio n  o f donor s tra in  d e n d rit ic  c e lls ,  as well as 
iso la ted  MHC subregion d is p a r it ie s  to  g ra ft  re je c tio n . 
The re su lts  o f these experiments provided a 
comprehensive descrip tion  o f the c e llu la r  events 
occurring in th is  p a r t ic u la r  model and enabled the 
construction o f a paradigm from which i t  was possible to 
in te rp re t the re su lts  o f experiments reported in 
subsequent chapters.
In the fo llow ing  experiments, f u l ly  a llogene ic  DA 
(RTla) s tra in  ra t kidneys were transplanted in to  the 
o rtho top ic  s ite  o f unmodified PVG (RT1C) re c ip ie n ts .
Renal a llo g ra fts  in th is  s tra in  combination con s is ten tly  
undergo rapid re je c tio n . This was confirmed in 8 
re c ip ie n t animals which received a DA renal a llo g ra f t  and 
underwent simultaneous con tra la te ra l nephrectomy. 
Survival times fo r  these animals were 7 ,7 ,7 ,7 ,7 ,8 ,8  and 
10 days (median su rv iva l time [MST] 7 days) and blood 
urea leve ls  were markedly elevated a t day 5 (mean 44 
mM/L; range 32-54 mM/L), increasing th e re a fte r u n t i l
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death. As expected, f iv e  PVG contro l animals rece iv ing a 
syngeneic kidney transp lan t a l l  survived in d e f in ite ly  
(>100 days) w ith  a normal blood urea (<15 mM/L) 
throughout.
3 .2  Magnitude and phenotype o f leukocyte in f i l t r a t io n  in 
re jec tin g  renal a llo g ra fts
3 .2 .1  Total leukocyte in f i l t r a t io n
Recipients o f renal transp lan ts  were s a c rif ic e d  on days 
1, 3 and 5 fo llo w ing  transp lan ta tio n  and s e r ia l c ryosta t
sections were labe lled  w ith  a range o f mouse monoclonal 
antibodies against ra t leukocyte membrane antigens, using 
the in d ire c t immunoperoxidase s ta in in g  technique. The 
area o f each tissue  section th a t was occupied by 
in f i l t r a t in g  leukocytes o f a p a r t ic u la r  phenotype was 
assessed by morphometric analysis using a po in t counting 
technique w ith  a microscope eyepiece g ra tic u le . Five 
a llo g ra fts  and three DA syngeneic g ra fts  were examined a t 
each time point*.
The re su lts  o f morphometric analysis o f cryosta t 
sections stained w ith  MRC 0X1 (which labe ls the leukocyte 
common antigen) are shown in Fig 3 .1 . DA a llo g ra fts  
showed a ra p id ly  progressive in f i l t r a t io n  o f the 
re je c tin g  g ra ft  which was minimal a t day 1 (<5%), r is in g
to  a mean percent area in f i l t r a t e  o f 11% (s.d.3%) a t day
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Fig. 3 .1  Morphometric analysis of c e llu la r  in f i l t r a t e  
in DA renal a llo g ra fts  transplanted into unmodified PVG 
rec ip ien ts , showing in f i l t r a t io n  by leukocytes.
Grafts were removed on d if fe re n t days a fte r  
tra n sp la n ta tio n , cryosta t sections were stained by 
immunoperoxidase w ith  MRC 0X1 (against the leukocyte 
common an tigen ), and the % area in f l t r a te  o f leukocytes 
was determined by morphometric analysis and compared 
w ith  the in f i l t r a t e  in DA kidneys transplanted to  
syngeneic hosts, removed on the same days. The re su lts  
are expressed as the mean and standard devia tion  o f 
f iv e  a llo g ra fts  and three syngeneic g ra fts  examined at 
each time p o in t.
3 and increased to  the observed maximum o f 58% (s.d.12%) 
by day 5. This in f i l t r a t e  was i n i t i a l l y  focal in 
d is t r ib u t io n , w ith  d is t in c t  perivascu la r and 
perig lom eru lar accumulations o f c e lls ,  but as re je c tio n  
progressed the in f i l t r a t e  became heavier and more 
d iffu s e , showing an in te rtu b u la r d is t r ib u t io n . G rafts 
were excised on day 7 a fte r  transp lan ta tio n  but were 
found to  be too severely damaged by re je c tio n  to  allow  
immunohistological ana lys is.
In contrast to a llo g ra f ts , DA syngeneic g ra fts  showed 
only a sparse c e llu la r  i n f i l t r a t e  which did not exceed 5% 
in any o f the g ra fts  examined. The c e llu la r  in f i l t r a t e  in 
re je c tin g  g ra fts  was s ig n if ic a n t ly  greater than th a t o f 
syngeneic g ra fts  on days 3 and 5 a fte r  tra n sp lan ta tion  (p 
< 0.05, Mann-Whitney U te s t) .
Normal non-transplanted DA kidneys were also stained 
and found to  contain occasional and w idely d is tr ib u te d  
MRC 0X1 p o s itive  c e lls  (<2% area in f i l t r a t e ) .
3 .2 .2  In f i l t r a t io n  by leukocyte subpopulations
The re su lts  o f the phenotypic analysis o f leukocyte 
subpopulations in f i l t r a t in g  re je c tin g  renal a llo g ra fts  
are shown in  Fig 3.2 . In day 3 a llo g ra fts  there was a 
predominance o f W3/25 p o s itive  c e lls  (Th and some 
marophages) over MRC 0X8 p o s itive  c e lls  (Tc and NK c e lls )  
(p < 0.05, Mann-Whitney U te s t ) .  However, by day 5 the
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Fig. 3 .2  Phenotypic analysis of the c e llu la r  
in f i l t r a t e  in DA renal a llo g ra fts  transplanted into  
unmodified PVG rec ip ien ts , stained with MRC 0X8, W3/25 
and MRC 0X19.
Cryostat sections ( f iv e  g ra fts  a t each time po in t) were 
labe lled  w ith  MAbs d irected against lymphocyte 
subpopulations: MRC 0X8 labe ls T cytotoxic/suppressor
c e lls  and NK c e lls ;  W3/25 labels T helper c e lls  and 
some macrophages; MRC 0X19 labe ls T c e lls .  Results are 
expressed as the mean and standard devia tion o f the % 
area in f i l t r a t e s .
MRC 0X8 p o s itive  in f i l t r a t e  had increased markedly (mean 
% area in f i l t r a t e  21%, s.d.3%) and exceeded th a t labe lled  
by W3/25 (8%, s.d.1%) (p < 0.01, Mann-Whitney U te s t) .
Cryostat sections were also labe lle d  w ith  a m ixture of 
MRC 0X8 and W3/25 MAbs and the % area in f i l t r a t e  was 
found to  be very s im ila r  to  th a t ca lcu la ted as the sum of 
MRC 0X8 and W3/25 p o s itive  c e lls  fo r  each section, 
in d ica tin g  th a t few o f the c e lls  expressed detectable 
W3/25 and MRC 0X8 antigens sim ultaneously.
A llo g ra fts  showed a small but progressive in f i l t r a t io n  
by MRC 0X19 p o s itive  c e lls  (a ll  T c e lls )  but the % area 
in f i l t r a t e  was s u rp r is in g ly  low (3% a t day 5) and was fa r  
exceeded by the sum o f values fo r  MRC 0X8 and W3/25 
la b e llin g . The low counts obtained w ith  the MRC 0X19 
antibody may be due, in  p a rt, to  the presence o f weakly 
labe lled  c e lls  which were not re a d ily  detected w ith  the 
immunoperoxidase technique. A lte rn a t iv e ly , and perhaps 
more l ik e ly ,  a large component o f the c e llu la r  in f i l t r a t e  
a t day 5 a fte r  transp lan ta tion  may consist o f secondarily 
rec ru ited  NK c e lls  (MRC 0X8 p o s it iv e , MRC 0X19 negative) 
and activa ted  macrophages (W3/25 p o s it iv e , MRC 0X19 
nega tive ).
The typ ica l patterns o f leukocyte in f i l t r a t io n  in 
re je c tin g  and in syngeneic g ra fts  may be seen in Figs 3.3 
& 3 .4 , where there is  c le a r ly  more c e llu la r  in f i l t r a t io n  
in  the re je c tin g  g ra fts .
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Fig. 3 .3  Pattern o f c e llu la r  in f i l t r a t io n  in re jec tin g  
DA renal a llo g ra fts  in PVG recip ients (day 5 ) .
Cryostat sections o f the g ra fts  were la b e lle d , by 
immunoperoxidase, w ith  mouse MAbs to  ra t leukocyte 
subpopulations:
a) lab e lle d  w ith  MRC 0X1 (leukocytes), x l60 .
b) lab e lle d  w ith  MRC 0X19 (T c e lls ) ,  x l60 .
c) lab e lled  w ith  MRC 0X8 (Tc & NK c e lls ) ,  x l60 .
d) lab e lle d  w ith  W3/25 (Th & macrophages), x l60.

V
Fig. 3 .4  Pattern of c e llu la r  in f i l t r a t io n  in syngeneic, 
non-rejecting DA kidneys transplanted in to  DA 
rec ip ients  (day 5 ) .
Cryostat sections o f the g ra fts  were la b e lle d , by 
immunoperoxidase, w ith  mouse MAbs to  ra t  leukocyte 
subpopulations:
a) lab e lle d  w ith  MRC 0X1 (leukocytes), x l60 .
b) lab e lle d  w ith  MRC 0X19 (T c e lls ) ,  x l6 0 . ’

Tissue sections labe lled  with an antibody to the 
in te r le u k in  2 receptor, MRC 0X39, showed less than 1% 
in f i l t r a t i o n  by day 3, but by day 5 more than 8% of the 
tissue was occupied by c e l ls  expressing th is  a c t iva t ion  
marker.
Sections were also labe lled  with MRC 0X12 (anti-kappa 
l ig h t  chain on B c e l ls )  in an attempt to enumerate g ra f t  
i n f i l t r a t i o n  by B lymphocytes. However, s ta in ing  with 
th is  antibody revealed the presence o f widespread tissue 
bound immunoglobulin throughout the g ra f t  which was 
presumably a l lo s p e c i f ic  antibody, and which precluded 
analysis o f the i n f i l t r a t e .
In a l l  immunohistology experiments, sections were 
stained with the i r re le v a n t MAb, MRC 0X21 (mouse 
anti-human C3b in a c t iva to r )  as a negative con tro l;  
pos it ive  la b e l l in g  was never detected.
3.3  Functional c e lls  in re jec ting  renal a llo g ra ft  
recip ients
PVG rec ip ien ts  o f DA renal a l lo g ra f ts  were sa c r if ice d  
on day 5 a f te r  transp lan ta tion  and the cy to tox ic  
reperto ire  o f g ra f t  i n f i l t r a t i n g  c e l ls  and splenocytes 
was examined in in v i t r o  ^C r-re le ase  assays.
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In a l l  in v i t r o  c y to to x ic i ty  assays reported in th is
thes is , d i f fe re n t  s tra ins  o f ra t  ConA b lasts  have been
used as ta rge t c e l ls .  Although they may bear l i t t l e
resemblance to the actual ta rge t ce l l  o f the re jec t ion
response in a l lo g ra f t  rec ip ien ts , the important c r i te r io n  
fo r  th e i r  use as targets in v i t r o  is  th a t they express 
e ith e r  re levant or ir re le v a n t MHC antigens. 
Cytocentrifuge s l id e  preparations of ConA blasts were 
stained, using the immunoperoxidase technique, with 
monoclonal antibodies to ra t  class I and class I I  MHC 
antigens. I t  was found tha t in a l l  s tra in s  investigated, 
a l l  o f the ConA blasts stained moderately s trong ly  fo r  
class I antigens, while one th i rd  o f the c e l ls  stained 
s trong ly  fo r  MHC class I I  antigens and the remainder were 
negative. The ra t  myeloma Y3 ce l ls  stained very weakly
fo r  class I antigens and. not a t a l l  fo r  class I I
antigens. Thus ConA blasts should be appropriate targets
fo r  demonstrating the presence o f c y to to x ic i ty  directed 
at e ith e r ,  or both class I and class I I  a lloantigens.
In these experiments, g ra f t  i n f i l t r a t i n g  ce l ls  were 
released from the kidney by enzyme d igestion , and th e i r  
capacity to lyse a range o f ta rge t ce l ls  was compared 
with tha t o f splenocytes from the same rec ip ien ts .
Yields of g ra f t  i n f i l t r a t i n g  ce lls  were ty p ic a l ly  5-10 x 
107 ce l ls  per g ra f t .
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Both i n f i l t r a t i n g  ce l ls  and splenocytes from re jec t in g  
g ra fts  demonstrated moderate leve ls  o f cyto tox ic  a c t i v i t y  
against ^^-Cr-labelled donor s t ra in  ConA b las ts , with 
a marked prozone e f fe c t  seen in g ra f t  i n f i l t r a t i n g
e f fe c to r  c e l ls  (Fig 3 .5 ). There was minimal a c t i v i t y  
against th i r d  party Lewis s tra in  ConA b las ts , ind ica ting  
th a t ly s is  o f donor s tra in  targets was mediated by 
a lloantigen  sp e c if ic  cy to tox ic  ce l ls  ra ther than 
nonspecific e f fe c to r  c e l ls .
Cytocentrifuge s l id e  preparations o f g ra f t  i n f i l t r a t i n g  
c e l ls  stained with May-Grunwald/Giemsa revealed the 
presence o f large amounts o f c e l lu la r  debris, and i t  was 
f e l t  tha t th is  might, a t higher e f fe c to r  : ta rge t ra t io s ,  
have had an in h ib i to ry  e f fe c t  on the ly s is  of donor 
sp e c if ic  ta rge ts , thus accounting fo r  the prozone e f fe c t .  
In subsequent experiments, the use of enzymes was 
discontinued, and ce ll  debris was removed by Percoll
cen tr i fu ga t ion .
Nonspecific a c t i v i t y  of g ra f t  i n f i l t r a t i n g  ce l ls  and 
splenocytes was investigated using the ra t  myeloma
Y3 as the NK susceptible ta rge t.  Moderately high 
leve ls  o f l y t i c  a c t iv i t y  were found in both populations 
o f e f fe c to r  ce l ls  (Fig 3 .6 ). These experiments were 
performed on f iv e  occasions with s im ila r  resu lts .
On two occasions, the e f fe c to r  c e l ls  were depleted of 
macrophages by incubating the c e l ls  with carbonyl iron 
powder and then using a strong magnet to remove adherent
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Fig. 3 .6  Cytotoxic a c t iv ity  of g ra ft In f i l t r a t in g  
c e lls  and splenocytes harvested on day 5 from re jecting  
DA renal a llo g ra fts  in unmodified PVG rec ip ien ts , 
against NK susceptible Y3 targets .
Graft i n f i l t r a t i n g  ce l ls  were harvested by enzymic 
d igestion o f the g ra f t .  Splenocytes were macrophage 
depleted. E ffector ce l ls  were tested in a 6-hour 
chromium release assay against Y3 ta rge ts .
c e l ls .  This treatment fa i le d  to deplete e ith e r  the donor 
sp e c if ic  or the nonspecific a c t i v i t y ,  ind ica t ing  tha t 
ta rge t ly s is  was not mediated by macrophages.
3.4  MHC antigen expression in re jec ting  renal a llo g ra fts
The k ine t ics  o f MHC antigen induction in re jec t ing  
g ra fts  were examined using monoclonal antibodies directed 
against both monomorphic and polymorphic determinants of 
class I and class I I  molecules. The MAbs MRC 0X18 and 
MRC 0X6 recognise monomorphic determinants o f class I and 
class I I  MHC antigens respective ly , and label MHC 
antigens o f both donor and rec ip ien t s t ra in .
M N 4 - 9 1 - 6  labels a polymorphic determinant o f MHC class 
I present in DA but not PVG ra t s tra in s ,  and F17-23-2 
labels a polymorphic determinant o f MHC class I I  
( I /A - l i k e )  antigen present in DA but not PVG ra ts . The 
use o f these two antibodies was c r i t i c a l  fo r  enabling the 
detection o f changes in donor MHC antigen expression on 
renal parenchymal s truc tu res , in the absence of 
additional s ta in ing  o f i n f i l t r a t i n g  c e l ls ,  and th e ir  
s u i t a b i l i t y  fo r  th is  invest iga tion  has previously been 
conclusively demonstrated in Fabre's labora to r ies  (Milton 
e t a l ,  1986a).
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A descrip tion  of the d is t r ib u t io n  o f MHC antigens was 
made by examining cryosta t sections of the g ra fts  stained 
with the re levant MAbs, while quan t ita t ive  absorption 
analysis o f the same g ra fts  provided a more ob jective  
means of assessing changes with time in the expression of 
MHC antigens in re jec t in g  g ra fts .
3.4.1 Class I MHC antigen expression: Imnunohistology
Cryostat sections o f normal DA kidneys labe lled  w ith 
the a n t i-c lass  I antibodies MRC 0X18 and MN4-91-6 
revealed strong s ta in ing  o f i n t e r s t i t i a l  de nd r i t ic  ce l ls  
and venous and a r te r io la r  endothelium, moderate s ta in ing  
o f glomeruli and weak s ta in ing  o f co r t ic a l  tubules and 
some medullary tubules. Rejecting g ra fts  labe lled  with 
MN4-91-6 showed rapid induction of class I antigens with 
increased tubu lar s ta in ing  apparent as early  as day 1 
a f te r  g ra f t in g .  Strong s ta in ing  o f a l l  tubu lar ce l ls  and 
glomeruli was detected by day 3, and by day 5 there was 
widespread class I induction apparent on a l l  s tructures 
throughout the g ra f t .  DA isog ra fts  showed a s l ig h t  
increase in class I MHC antigen expression on tubular 
c e l ls ,  but th is  was less intense and more variab le  than 
tha t seen in re jec t ing  g ra fts .  Fig 3.7 demonstrates the 
pattern o f increased MHC class I expression in day 5 
re je c t ing  g ra fts  compared with normal DA kidneys, as 
detected by la b e l l in g  w ith MN4-91-6.
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Fig. 3 .7  Induction o f MHC class I  antigen expression in 
re jec tin g  DA renal a llo g ra fts  in PVG recip ients (a ) ,  
compared with class I  expression in normal DA kidneys 
(b ).
Cryostat sections o f day 5 g ra fts  were labe lled , by 
immunoperoxidase, w ith MN4-91-6 which detects donor 
(DA) but not re c ip ie n t (PVG) class I antigens. xlOO.

3 .4 .2  Class I  MHC antigen expression: Q uantitative
absorption analysis
Induction o f class I MHC antigens in re je c t ing  g ra fts  
was assessed q u a n t i ta t iv e ly  by performing absorption
analyses with MN4-91-6 on homogenates o f f iv e  pooled 
g ra fts  at each time po in t a f te r  transp lan ta tion . The 
p r in c ip le  of th is  assay depended on the incubation of
each pooled kidney homogenate, representing a d i f fe re n t  
time po in t, w ith a predetermined quantity  of
■ ^ I - la b e l le d ,  a n t i-c la ss  I monoclonal MN4-91-6. 
During the incubation period, d i f fe re n t  amounts of the 
MAb were absorbed by the tissues depending on the amounts 
o f class I antigen they were expressing. The amount of 
labe lled  MN4-91-6 remaining in the supernatant was then 
quantif ied  by binding i t  to an excess o f class I 
s p e c if ic  targets (DA erythrocytes). Thus the more MHC 
antigen present in the homogenates, the lower the counts 
in the supernatant bound to the DA red blood c e l ls .
The rapid and substantia l increase in class I MHC 
antigen expression confirmed the immunohistologic 
f ind ings  and is  depicted in Fig 3.8, where a s h i f t  o f the 
curve to the r ig h t  represents an increase in the amount 
o f class I MHC antigens expressed by tha t t issue . By day 
3 there was already a twofold increase in class I 
antigens which increased to a maximum ninefo ld 
(approximately) by day 5, compared with the normal leve l.
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Fig. 3 .8  Kinetics of donor class I  MHC antigen
induction in re jecting  DA renal a llo g ra fts  in
unmodified PVG recip ien ts .
Quantita tive absorption analysis was performed with the 
MAb MN4-91-6 which was absorbed with t r i p l i n g  d i lu t io n s  
o f kidney homogenates prepared from f iv e  pooled g ra fts  
fo r  each time po in t. The residual antibody was assayed 
by binding to DA erythrocytes. A s h i f t  o f the curve to
the r ig h t  indicates increased class I MHC antigen
expression.
3 .4 .3  Class I I  MHC antigen expression: Inmunohistology
Normal DA kidneys stained with MRC 0X6 and F17-23-2 
showed strong class I I  antigen expression on i n t e r s t i t i a l  
d e n d r i t ic  ce l ls  and weak expression on proximal renal 
tubules, but none on vascular endothelia l t issues nor in 
the g lomeruli.
Class I I  expression in re jec t in g  g ra fts  was detected 
by s ta in ing  with F17-23-2, which revealed, at day 1, an 
apparent s l ig h t  decrease in the frequency of i n t e r s t i t i a l  
d e n d r i t ic  c e l ls ,  but no other changes. By day 3, foc i 
o f increased donor class I I  antigen expression were 
apparent on some proximal co r t ic a l  tubules. - By day 5, 
a l l  tubu lar ce l ls  were s trong ly  stained and, in 
add it ion , donor class I I  antigen was induced on 
a r te r io la r  endothelium and on Bowman's capsule, although 
not on the glomerular e p i th e l ia l  ce l ls  or c a p i l la ry  
endothelium. Donor s tra in  i n t e r s t i t i a l  d e n d r i t ic  ce l ls  
had v i r t u a l l y  disappeared, and s ta in ing  with the 
monomorphic an ti-c lass  I I  antibody MRC 0X6 indicated 
tha t they had not yet been replaced with host d e nd r it ic  
c e l ls .
DA isog ra fts  showed no increase in class I I  MHC antigen 
expression at any time a f te r  transp lan ta tion .
Fig 3.9 demonstrates the pattern o f increased MHC class 
I I  expression in day 5 re je c t in g  g ra fts  compared with 
normal DA kidneys, as detected by la b e l l in g  with 
F17-23-2.
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Fig . 3.S Induction o f MHC class I I  antigen expression 
in re jec tin g  DA renal a llo g ra fts  in PVG recip ients  (a ) ,  
compared with class I I  expression in normal DA kidneys 
(b ).
Cryostat sections o f day 5 g ra fts  were lab e lle d , by 
immunoperoxidase, w ith F17-23-2 which detects donor 
(DA) but not re c ip ie n t (PVG) class I I  antigens. xlOO.

3 .4 .4  Class I I  MHC antigen expression: Q uantitative
absorption analysis
Quantita tive absorption analysis o f class I I  MHC 
antigens was performed on a liquo ts  o f the same 
homogenates analysed fo r  class I antigen content.
The antibody F17-23-2 was unsuitable fo r  absorption 
analysis because i t s  low a f f i n i t y  resulted in high free
antibody concentrations at the higher d i lu t io n s ,  even
in conditions o f antigen excess in the absorption 
(M ilton e t a l , 1986a). Instead, an assay was performed
along the same l ines  as the class I quan tita t ion  assay, 
but using an alloantiserum in place o f the a n t i-c lass  I I  
MAb, and the s p e c if ic ty  o f the asssay derived from the 
use o f p u r i f ie d  donor class I I  MHC antigens as the 
ta rge t fo r  detecting the remaining a c t i v i t y  in the 
supernatants. The class I I  assay was carried out by a
co llabora tor, Dr Sarah Spencer, who had developed the
procedure fo r  the preparation o f p u r i f ie d  DA class I I  
MHC antigen, and the resu lts  are reported herein with her 
permission.
These resu lts  (Fig 3.10) confirmed the h is to log ica l 
f ind ings , with an i n i t i a l  s l ig h t  decrease in class I I  
expression a t day 1 re f le c t in g  the disappearance of donor 
dend r i t ic  c e l ls .  This was rap id ly  followed by an 
induction o f class I I  MHC antigens which brought the
134
cpm
5000
4000
3000
— normal
2000
1000
1 3 279 81 243
reciprocal dilutions of kidney homogenates
Fig. 3.10 Kinetics o f donor class I I  MHC antigen 
induction in re jecting  DA renal a llo g ra fts  in
unmodified PVG recip ients .
Quantita tive absorption analysis was performed with PVG 
anti-DA serum which was absorbed with t r i p l i n g  
d i lu t io n s  o f kidney homogenates prepared from f iv e  
pooled g ra fts  fo r  each time point. Residual antibody 
was assayed by binding to m ic ro t i t re  plates coated with 
pure DA class I I  antigen. A s h i f t  o f the curve to the 
r ig h t  indicates increased class I I  MHC antigen 
expression.
leve ls  to ju s t  above normal by day 3 and which continued 
to r ise  to a maximum f iv e fo ld  increase (approximately) 
by day 5 a f te r  transp lan ta tion .
3.5  Role o f den dritic  c e lls  in g ra ft re jection
During th is  series o f experiments inves t iga ting  
unmodified renal a l lo g ra f t  re je c t io n , the e a r l ie s t  
c e l lu la r  event observed was the apparent disappearance of 
donor s tra in  d e n d r i t ic  c e i ls .  The ro le  of d e nd r i t ic  ce l ls  
in g ra f t  re jec t ion  was investigated by creating chimaeric 
ra ts  to be used as kidney donors, so th a t th e ir  
i n t e r s t i t i a l  de nd r i t ic  ce l ls  were syngeneic w ith the 
eventual g ra f t  rec ip ien ts . The use o f the polymorphic MAb 
F17-23-2 enabled an assessment o f the extent o f 
chimaerism in the donor kidneys.
Preliminary experiments were performed in an attempt to 
create f u l l y  a llogeneic chimaeras, but on te s t in g , 
chimaerism was found to be incomplete, presumably because 
a proportion o f the recons t itu t ing  haemopoietic tissue 
had been destroyed by natural c y to to x ic i ty .  To avoid th is  
s i tu a t io n ,  a semi-allogeneic s tra in  combination was used 
instead.
Male (DAxPVG)Fl ra ts were ir rad ia ted  (10.0 Gy) and 
immediately reconstitu ted with an intravenous inoculum of 
approximately 8xl07 haemopoietic ce l ls  prepared from
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18 days gestation PVG foeta l l iv e rs .  Two months la te r ,  
chimaerism was assessed as described in Chapter 2, and
f u l l y  chimaeric animals were used as kidney donors fo r
PVG rec ip ien ts . Contralateral nephrectomy was performed 
on day 7 a f te r  transp lan ta tion  and the surv iva l of 
rec ip ien ts  was compared with the surv iva l time of PVG
rec ip ien ts  o f normal (DAxPVG)Fl kidneys.
Two kidneys obtained from separate chimaeric animals, 
instead o f being transplanted, were sectioned and stained 
with monoclonal antibodies detecting MHC class I I
pos it ive  i n t e r s t i t i a l  d end r it ic  c e l ls ,  and the numbers of 
ce l ls  labe lled  with each antibody were counted and
compared with those in normal (DAxPVG)Fl kidneys.
Fig 3.11 shows tha t chimaeric kidneys survived
s ig n i f ic a n t ly  longer than normal (DAxPVG)Fl kidneys in
PVG re c ip ien ts . Five rec ip ien ts  o f FI kidneys died on
days 9,10,10,10 & 10 a f te r  transp lan ta tion , while the
s ix  rec ip ien ts  o f chimaeric kidneys died on days
11,14,15,15 and two o f the animals survived fo r  longer 
than 100 days (p < 0.005).
Immunohistological examination o f normal (DAxPVG)Fl 
kidneys revealed the presence o f numerous class I I  
pos it ive  dend r i t ic  ce lls  s ta in ing with both antibodies, 
although there were fewer F17-23-2* c e l ls ,  as
expected, since th is  antibody is  o f r e la t iv e ly  low 
a f f i n i t y .  Examination of the chimaeric kidneys showed 
(Table 3.1) tha t approximately 90% o f the o r ig ina l
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Fig. 3.11 Prolonged survival of chimaeric PVG(DAxPVG) 
kidneys in unmodified PVG rec ip ien ts , compared with  
(DAxPVG)Fl kidneys.
Radiation chimaeric kidney donors were prepared with 
bone marrow derived c e l ls ,  of PVG s t ra in ,  syngeneic 
w ith  the g ra f t  re c ip ien t.  The survival o f s ix  chimaeric 
kidneys in PVG rec ip ients  was s ig n i f ic a n t ly  prolonged 
in comparison with the survival of f iv e  FI kidneys.
(p < 0.005, Mann-Whitney U te s t ) .
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Table 3 .1  Replacement of (DAxPVG)Fl class I I  positive in te r s t i t ia l  
c e lls  by PVG c e lls  in PVG(DAxPVG) chimaeric kidneys
ANTI-CLASS I I  NO. OF LABELLED CELLS PER FIELD IN KIDNEYS 
ANTIBODY (DAxPVG)Fl PVG(DAxPVG) PVG(DAxPVG)
MRC 0X6 91 (+/-15) 64 (+/-10) 70 (+/-19)
F17-23-2 48 (+/-13) 5 (+ /-2 ) 4 (+ /-2)
Table 3.1 Cryostat sections of one (DAxPVG)Fl kidney and two 
PVG(DAxPVG) chimaeric kidneys were stained by immunoperoxidase 
w ith MRC 0X6 which detects class I I  molecules o f a l l  s tra in s , 
and F17-23-2 which labels DA but not PVG class I I  molecules. 
The number of labe lled  ce l ls  in ten consecutive high power 
f ie ld s  was counted in each kidney and the resu lts  are expressed 
as the mean and s.d. o f the counts.
d e n d r i t ic  c e l ls  had been replaced by foe ta l l ive r-d e r ive d  
PVG s tra in  d end r it ic  c e l ls  which stained with MRC 0X6 but 
not w ith F17-23-2. The photographs in Fig 3.12 i l l u s t r a te  
th is  f in d in g . However, in both kidneys up to 10% of the 
o r ig in a l de nd r i t ic  ce l ls  remained.
The resu lts  of these experiments suggested tha t donor 
d e n d r i t ic  c e l ls  are important fo r  i n i t i a t i n g  g ra f t  
re jec t io n  since when they were replaced by ce l ls  
syngeneic w ith the kidney rec ip ie n t ,  g ra f t  surv iva l was 
prolonged. However, the wide range of surv iva l times may 
r e f le c t  d ifferences in the numbers o f residual donor 
s t ra in  bone marrow derived i n t e r s t i t i a l  c e l ls  in the 
donor kidney p r io r  to transp lan ta tion .
3 .6  The influence of MHC subregions on g ra ft re jection
The recent development o f recombinant series o f inbred 
ra ts  has enabled the design and in te rp re ta t io n  of 
experiments to investigate the ro le  o f MHC subregion 
genes in in fluencing the outcome of transplants performed 
between ind iv idua ls  d i f fe r in g  from each other a t iso la ted 
MHC class I or class I I  region genes.
I t  is  possible to select pairs o f ra ts from the PVG 
recombinant series, such tha t the kidney donor s tra in  
d i f fe r s  from the re c ip ie n t e ithe r  a t the RT1A class I 
locus, or a t the RT1B and RT1D class I I  lo c i .
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Fig. 3.12 Expression o f  MHC class I I  antigens on 
i n t e r s t i t i a l  d e n d r i t ic  c e l ls  in  kidneys from (DAxPVG)Fl 
animals and from PVG(DAxPVG) chimaeric animals.
Cryostat sections o f FI and chimaeric kidneys were 
labe lled , by immunoperoxidase, with MRC 0X6 detecting 
both DA and PVG class I I  antigens, and with F17-23-2 
detecting DA but not PVG class I I  antigens.
a) (DAxPVG)Fl kidney labe lled  with MRC 0X6. xlOO.
b) (DAxPVG)Fl kidney labe lled  with F17-23-2. xlOO.
c) Chimaeric kidney labe lled  with MRC 0X6. xlOO.
d) Chimaeric kidney labe lled  with F17-23-2. xlOO.
Note the absence o f F17-23-2-positive d e nd r it ic  ce l ls  
in the chimaeric kidney, suggesting tha t the dend r i t ic  
c e l ls  derive from the PVG haemopoietic t issue.
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Three PV6 ra ts  were transplanted with kidneys from 
PVG.Rl ra ts  whose RT1A class I region genes were of 
the "a", rather than the "c" haplotype. Contralateral 
nephrectomy was performed on day 7, and a l l  three rats 
survived fo r  longer than 100 days, with no s ig n i f ic a n t  
r ise  in serum urea and creatin ine leve ls .
To investigate  the influence of class I I  region genes, 
three PVG.Rl ra ts were transplanted with kidneys from 
PVG.R19 donors whose RT1B and RT1D region genes were of 
the "a", rather than the "c" haplotype. Following 
con tra la te ra l nephrectomy on day 7, serum urea and 
crea tin ine  leve ls in a l l  three animals rose rap id ly  u n t i l  
th e i r  deaths on days 16, 17 and 19 a f te r  transp lan ta tion .
Although the numbers are small, these surv iva l data 
suggest th a t,  in th is  p a r t icu la r  s tra in  combination, an 
iso la ted class I d isp a r i ty  is  in s u f f ic ie n t  to provoke a 
re je c t ion  response, and is  not a necessary adjunct to a 
class I I  disparate g ra f t  which is  re jected in the absence 
o f class I in co m p a t ib i l i ty .
3.7  Discussion
The experiments described in th is  chapter provided 
information on several aspects o f the c e l lu la r  events 
occurring in ra t  renal a l lo g ra f ts  undergoing unmodified 
re je c t io n .
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Detailed morphometric analysis o f the g ra f t  i n f i l t r a t e  
showed th a t  by the th i rd  day a f te r  transp lan ta tion  the 
i n f i l t r a t i n g  ce l ls  were predominantly MRC 0X19 p os it ive , 
W3/25 p os it ive  ce l ls  o f the T helper phenotype. However, 
by day 5 there was a predominance o f c e l ls  with a 
phenotype consistent with tha t of NK c e lls  (MRC 0X19 
negative, MRC 0X8 pos it ive ) and, to a lesser extent, 
macrophages (MRC 0X19 negative, W3/25 p o s it iv e ) .  This 
pattern would be consistent with an early  i n f i l t r a t i o n  of 
the g ra f t  by spec if ic  T helper ce l ls  followed by 
lymphokine release and the consequent recruitment of 
nonspecific e ffe c to r  c e l ls  by day 5.
Analysis o f the functional reperto ire  o f these 
i n f i l t r a t i n g  ce l ls  revealed tha t they possessed moderate 
leve ls  o f donor sp ec if ic  cyto toxic a c t i v i t y  in sp ite  of 
the re la t iv e  dearth of T c e l ls ,  and high leve ls  of 
nonspecific , presumably NK ce ll mediated c y to to x ic i ty .  
The demonstration of sp ec if ic  c y to to x ic i ty  suggests tha t 
th is  mechanism is  involved in the re jec t ion  response. 
This is  supported by the f ind ings o f Bradley e t al (1985) 
and o f Mason & Morris (1984) tha t the leve ls o f sp e c if ic ,  
but not nonspecific, c y to to x ic i ty  were reduced in 
nonrejecting g ra fts  from passively enhanced or 
CyA-treated animals. However i t  is  contradicted by 
evidence from Daliman et al (1987) and from our own 
laboratory (Armstrong e t a l , 1987) th a t spec if ic
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cyto tox ic  a c t i v i t y  was also found in g ra f t  i n f i l t r a t i n g  
c e l ls  from a c t ive ly  enhanced rats tha t retained th e ir  
g ra fts  in d e f in i te ly .
The functional a c t i v i t y  o f NK c e l ls ,  however, may not 
be necessary fo r  g ra f t  re je c t io n . This was proposed by 
Heidecke, Araujo, Kupiec-Weglinski e t al (1985) who 
treated heart a l log ra fted  rats with a n t i -a s ia lo  GM1 to 
remove NK c e l ls ,  and showed tha t the nonspecific 
cy to tox ic  a c t iv i t y  of i n f i l t r a t i n g  ce l ls  was abrogated by 
th is  treatment, but g ra f t  re jec t ion  was unaffected, or 
prolonged by up to two days fo llow ing  repeated 
admin istra tion o f anti-AGMl. They were unable to ru le 
out the p o s s ib i l i t y  tha t the s l ig h t  prolongation of 
surv iva l was due to the depletion o f other ce l ls  in 
addit ion  to  NK ce lls  ( fo r  example, Tc lymphocytes), but 
from th e ir  evidence i t  appears tha t the presence of NK 
c e l ls  in re jec t ing  g ra fts  is  an epiphenomenon.
In p a ra l le l  with the in f lu x  o f i n f i l t r a t i n g  ce l ls  was 
the widespread induction o f MHC antigens throughout the 
re je c t ing  g ra f t ,  and notably the induction o f class I I  
MHC antigens on the previously class II-nega tive  vascular 
endothelium. I t  was d i f f i c u l t  to discern an increase 
with time in the expression of class I MHC antigens, but 
th is  data was provided by quan t ita t ive  absorption 
analysis which revealed a more rapid induction o f class I 
than class I I  antigens. These resu lts  agree with Fabre's 
f ind ings  but contrast with data fo r  MHC antigen
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induction in heart a l lo g ra f ts ,  where class I and class I I  
induction is  delayed, possibly because there is  less 
i n i t i a l  expression of MHC antigens in normal hearts than 
in normal kidneys (Milton e t a l , 1986a). The induction
of MHC antigens is  most probably mediated by the release 
o f IFN-d from i n f i l t r a t i n g ,  activated leukocytes (Wong, 
Clark-Lewis, Harris et a l ,  1984) and serves to increase 
possible ta rge t antigen density on g ra f t  t issues, thus 
rendering the g ra f t  more susceptible to both class I 
re s tr ic te d  and class I I  re s tr ic te d  alloimmune responses. 
I t  must be remembered, however, tha t induction of MHC 
antigens in a llog ra fted  tissues is  not inva r iab ly  
associated with destruction o f the g ra f t  (Armstrong et 
a l , 1987), and tha t re jec t ion  o f allogeneic tissues is
not inva r iab ly  associated with MHC antigen induction 
(Forbes e t a l , 1986).
A fu r th e r  notable f ind ing  was the apparent 
disappearance, by day 5, o f i n t e r s t i t i a l  d end r it ic  ce l ls  
from the grafted tissue. The use of monoclonal 
antibodies directed against polymorphic determinants o f 
class I and class I I  MHC antigens enabled th is  
observation to be made unequivocally, since the de nd r it ic  
c e l ls  were o f ch a rac te r is t ic  morphology, s trong ly  
stained, and were the only i n t e r s t i t i a l  ce l ls  labe lled  
w ith these antibodies. On day 1 a f te r  transp lan ta tion , 
there was no increased MHC antigen expression on kidney 
parenchymal c e l ls ,  and so the reduction in the numbers of
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in t e r s t i t ia l  d e n d ritic  c e lls  compared w ith normal DA 
kidneys was qu ite  s tr ik in g . When consecutive tissue
sections were stained w ith MRC 0X6 (d irec ted  against a 
monomorphic determinant o f class I I  MHC antigens) i t  was 
c lear th a t these c e lls  had not been replaced by d e n d ritic  
c e lls  o f re c ip ie n t o r ig in . These h igh ly  immunogeneic
c e lls  o f donor o r ig in  are generally considered to be
important in the in i t ia t io n  o f the re je c tio n  response
(Lechler & Batchelor, 1982; McKenzie, Beard & Hart, 1984)
but the route by which th is  occurs is  unknown. I t  was 
not possible to  determine whether the d e n d ritic  c e lls  
migrated to  re c ip ie n t lymphoid tissu e , or whether they 
were destroyed in s itu  by in f i l t r a t in g  host c e lls , 
although i t  should be noted th a t the host in f i l t r a t e  in 
the g ra ft  was n e g lig ib le  a t day 1.
Experiments using chimaeric kidney donors addressed the 
question o f whether re jec tion  would occur in  the absence 
o f donor s tra in  d e n d ritic  c e lls . As discussed in section 
1.5, Guttman e t al (1969) investigated th is  problem by 
creating ra d ia tion  chimaeras and using them as kidney 
donors, so th a t the donor kidneys had allogeneic 
parenchymal tissues but the bone marrow derived passenger 
leukocytes were syngeneic w ith the g ra ft re c ip ie n t. They 
were able to  demonstrate good renal function  in the 
g ra fts  on day 7 a fte r  transp lan ta tion  but they fa ile d  to 
report su rv iva l data or to  determine the degree of 
chimaerism in  the donors. Fabre & Morris (1973) were
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unable to  substantia te  these find ings  and suggested th a t 
th is  phenomenon might be h igh ly s tra in  dependent. The 
fin d ing s  reported in th is  chapter confirmed the 
importance o f donor s tra in  d e n d ritic  c e lls  in  in i t ia t in g  
a llo g ra f t  re je c tio n , since in s itu a tio n s  where the 
numbers o f donor d e n d ritic  c e lls  were depleted by 90%, 
su rv iva l o f renal a llo g ra f t  re c ip ien ts  was s ig n if ic a n t ly  
prolonged. I t  could not be ascertained whether or not 
re je c tio n  o f chimaeric kidneys was due to  residual 
d e n d rit ic  c e lls ,  or to an a lte rn a tive  route o f re c ip ie n t 
s e n s it is a tio n  proposed by Sherwood e t al (1986) in  which 
host antigen presenting c e lls  are able to  present donor 
class I I  molecules to antigen reactive  c e lls .
The lim ite d  number o f experiments in ve s tig a tin g  the 
influence o f iso la ted  class I and class I I  d is p a r it ie s  on 
a llo g ra f t  re je c tio n  suggested th a t a class I 
in c o m p a tib ility  in th is  s tra in  combination did not 
provide a s ig n if ic a n t a llogeneic stimulus to the 
re c ip ie n t. However, the MHC d is p a r it ie s  could not be 
considered to  be the only in fluence , since i t  has 
prev ious ly  been shown tha t whereas a vascularised PVGrl 
heart g ra ft  was not re jected by PVG re c ip ie n ts , skin 
g ra fts  in  the same s tra in  combination usually  were 
re jected  (Stewart, Butcher, Herbert e t a l , 1985). The 
su rv iva l o f class I -  but the re je c tio n  o f class 
II-d is p a ra te  g ra fts  reported herein are consistent w ith  
the observation o f only moderate leve ls  o f in v i t r o  donor
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s p e c if ic  c y to to x ic ity  in PVG c e lls  in f i l t r a t in g  DA 
g ra fts , and suggests th a t in th is  s tra in  combination 
re je c tio n  is  in i t ia te d  by class I I  re s tr ic te d  c e lls  and 
mediated by a DTH type o f reaction.
This in ve s tig a tio n  has revealed the presence o f a 
number o f c e llu la r  events th a t appear to  be associated 
w ith  g ra ft  re je c tio n , such as the presence o f s p e c if ic  
cy to tox ic  a c t iv ity  and MHC antigen induction , but they 
cannot be considered to be s u ff ic ie n t fo r  re je c tio n  since 
these events are also observed in a llogeneic g ra fts  th a t 
are reta ined in d e f in ite ly .  I t  has not there fore  been 
possible to  define the e ffe c to r mechanisms o f g ra ft 
re je c tio n .
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CHAPTER FOUR
THE CELLULAR REQUIREMENTS FOR 
RENAL ALLOGRAFT REJECTION IN 
LYMPHOCYTE DEPLETED RATS
4.1 Introduction
The re la t iv e  con tribu tions  o f s p e c if ic  cy to tox ic  T
c e lls  and DTH mechanisms in g ra ft re je c tio n  was
c r i t i c a l l y  reviewed in chapter 1 and the necessity to 
define the ro les o f the d if fe re n t po ten tia l e ffe c to r
mechanisms in terms o f species, s tra in  combination and 
type o f a llo g ra f t  was emphasised. Much useful 
in form ation has been provided by adoptive tra n s fe r 
experiments in which the a b i l i t y  o f lymphocyte
subpopulations to  restore g ra ft re je c tio n  in
immunocompromised hosts has been studied. However, there
is  a need fo r  caution in in te rp re tin g  the re su lts  because 
o f the d i f f ic u l t y  in preparing t r u ly  T c e ll d e fic ie n t 
animals and because T c e ll subpopulations defined 
according to th e ir  phenotype may have overlapping 
functions.
With a s ing le  known exception (Gurley, Lowry & Forbes, 
1983), there are no previous adoptive tra n s fe r studies 
which have examined the c e llu la r  requirements fo r  renal 
a llo g ra f t  re je c tio n . The m a jo rity  o f previous studies 
have been concerned w ith skin or heart a llo g ra f t  
re je c tio n  and many have used only sensitised  c e lls  fo r
adoptive tra n s fe r.
The work reported in  th is  chapter describes attempts to 
es tab lish  the T c e ll requirements fo r  ra t renal a llo g ra f t  
re je c tio n  in acute ly irra d ia te d , lymphocyte depleted
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re c ip ie n ts . The a b i l i t y  o f adoptive ly transfe rred  CD4 
and CD8 lymphocytes to restore re je c tio n  was assessed 
and the phenotype o f g ra ft  in f i l t r a t in g  c e lls  was 
examined. In add ition , the in v i t r o  cy to tox ic  a c t iv it y  
o f splenocytes and g ra ft in f i l t r a t in g  c e lls  from 
ir ra d ia te d , reconstitu ted  a llo g ra f t  rec ip ie n ts  was 
defined.
4 .2  Investigation o f the ATXBM ra t  as a model fo r  
determining the c e llu la r  requirements fo r  renal a llo g ra ft  
re jec tio n
In p re lim ina ry  experiments, consideration was given to 
the use o f the ATXBM ra t model as a T c e ll d e fic ie n t 
host in  which to  investiga te  the c e llu la r  requirements 
fo r  res to ring  f i r s t - s e t  renal a llo g ra f t  re je c tio n . 
Before examining the ro le  o f T ce ll subpopulations in 
re je c tio n , i t  was necessary to estab lish  f i r s t l y ,  th a t 
nonreconstituted ATXBM a llo g ra f t  rec ip ien ts  were unable 
to  re je c t a renal a llo g ra f t  and secondly, th a t 
re co n s titu tin g  ATXBM g ra ft rec ip ien ts  w ith unsensitised 
syngeneic lymphocytes would restore re je c tio n  in , or 
near, f i r s t - s e t  tempo. For these experiments, the f u l ly  
a llogene ic DA (RTla) in to  Lewis (RTl^) ra t 
s tra in  combination was chosen, since i t  is  genera lly 
recognised to  provoke a strong re je c tio n  response, and
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th is  is  corroborated by the in a b i l i t y  to  prevent g ra ft 
re je c tio n  in  th is  s tra in  combination by active  
enhancement (Fabre & M orris, 1972).
Lewis ATXBM ra ts  were prepared by le th a l ir ra d ia tio n  
(10.0 Gy) o f thymectomised animals followed by immediate 
re c o n s titu tio n  w ith  bone marrow obtained from a syngeneic 
donor ra t depleted o f T c e lls  by chronic tho rac ic  duct 
drainage. ATXBM animals were used as a llo g ra f t  
re c ip ie n ts  approximately s ix  weeks a fte r  preparation. 
G ra ft re je c tio n  was judged by observing the su rv iva l o f 
a l lo g ra f t  re c ip ie n ts  which had undergone co n tra la te ra l 
nephrectomy a t the time o f renal tra n sp la n ta tio n , 
together w ith  monitoring serum urea leve ls  in se ria l 
blood samples.
The re su lts  are summarised in Table 4.1 . Unmodified 
Lewis re c ip ie n ts  a l l  ra p id ly  re jected DA renal 
a llo g ra f ts ,  w ith a median surv iva l time o f only 8 days 
and markedly elevated day 7 blood urea le ve ls . As 
expected, ATXBM Lewis ra ts  did not re je c t DA renal 
a llo g ra fts  and a l l  three animals survived u n t i l  s a c r if ic e  
a t day 50 or la te r ,  w ith normal blood urea leve ls 
throughout. H is to log ica l examination o f the kidney 
a llo g ra fts  showed no evidence o f re je c tio n . 
Unexpectedly, immediate re co ns titu tio n  o f ATXBM a llo g ra f t  
re c ip ie n ts  w ith  an intravenous inoculum o f 5xl07 
syngeneic LNC fa ile d  to restore g ra ft re je c tio n , and 
despite a m ild e levation in serum urea le ve ls , three out
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Table 4 .1 Survival o f DA renal a llo g ra fts  in unmodified and ATXBM 
Lewis rec ip ien ts .
HOST LNC SURVIVAL MST UREA LEVELS (mM/L; med & range)
DOSE (days) (days) d7 dl4
normal none 6 ,7 ,7 ,7 ,8 ,8 ,8 ,8  8 124 (101-163)
ATXBM none >50,>50,>50 >50 13 (8-26) 8 (8-10)
ATXBM 5xl07 17,>50,>50,>50 >50 22 (16-45) 18 (12-61)
ATXBM 1.5x10® 13,>50 32 25 (21-28) 60®
Table 4.1 Unmodified and ATXBM Lewis re c ip ie n t ra ts  recieved a 
DA renal a llo g ra f t ,  and underwent immediate con tra la te ra l 
nephrectomy. G ra ft re je c tio n  was monitored by observing the 
su rv iva l time o f the re c ip ie n t, and measuring serum urea leve ls  
in  s e r ia l blood samples.
a) One ra t died before day 14.
o f four animals survived fo r longer than 50 days. In two 
add itiona l animals, an inoculum o f 1 .5xl08 LNC also 
fa ile d  to  restore g ra ft re je c tio n  in a normal tempo.
The in a b i l i t y  o f re la t iv e ly  large numbers o f syngeneic 
lymphocytes to  restore rapid g ra ft re je c tio n  in ATXBM 
ra ts  precluded fu rth e r experiments to  examine the ro le  o f 
T c e ll subpopulations in re je c tio n  because o f the 
technica l d i f f ic u l t y  in preparing the large numbers o f 
p u r if ie d  lymphocytes th a t would obviously be required. 
From these re s u lts , the p o s s ib i l i ty  existed th a t the 
in a b i l i t y  o f adoptive ly transfe rred  lymphocytes to 
restore g ra ft  re je c tio n  was due to  the presence, in  ATXBM 
re c ip ie n ts , o f suppressor mechanisms. Although of 
po ten tia l in te re s t, th is  p o s s ib i l i ty  was not pursued 
since the primary object was to  examine the ro le  o f T 
c e ll subpopulations in g ra ft re je c tio n .
4 .3  Establishing the acute irra d ia tio n  model
As an a lte rn a tiv e  to the ATXBM model, the decision was 
taken to  examine the c e llu la r  requirements fo r  renal 
a llo g ra f t  re je c tio n  in su b le tha lly  irra d ia te d  re c ip ie n ts .
The experimental design fo r  adoptive tra n s fe r 
experiments required th a t the po ten tia l a llo g ra f t  
re c ip ie n ts  be su b le tha lly  ir ra d ia te d , transplanted w ith 
a kidney from a normal a llogeneic donor ra t and
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reconstitu ted  w ith  an intravenous inoculum of 
lymphocytes prepared from the lymph nodes o f a normal ra t 
syngeneic w ith  the kidney re c ip ie n t, a l l  w ith in  24 
hours o f ir ra d ia t io n . The con tra la te ra l kidney would be 
removed a t an appropriate time and the in te g r ity  o f the 
transplanted kidney would then be monitored a t frequent 
in te rv a ls  by determining the blood serum urea and 
c rea tin ine  le ve ls , and by recording the su rv iva l o f the 
g ra ft  re c ip ie n t.
P relim inary experiments were performed to  discover the 
le th a l i t y  o f d if fe re n t doses o f ir ra d ia tio n  and th e ir  
e ffe c ts  on the leve ls  o f blood c e llu la r  components, in 
p a r t ic u la r , lymphocytes and p la te le ts .
4 .3 .1  The e ffe c t of “sublethal" irra d ia tio n  on ra t  
haematological p ro files
From previous stud ies, i t  is  evident th a t in  order to 
co ns is tan tly  produce long term skin or vascularised heart 
a llo g ra f t  s u rv iv a l, i t  is  necessary to adm inister a near 
le th a l dose ( ty p ic a lly  7.0-9.0 Gy) o f gamma ir ra d ia t io n .
Prelim inary experiments were carried  out in which normal 
adu lt ra ts  were given a s ing le  "sub le tha l" dose o f gamma 
ir ra d ia t io n  (7 .5 , 8.5 or 9.25 Gy). A ll ir ra d ia te d
animals (3-6 per group) survived u n t i l  s a c r if ic e  (a t >50 
days). Seria l measurements o f peripheral blood 
leukocyte, lymphocyte and p la te le t counts were made and 
Figs 4 .1 , 4.2 and 4.3 show the resu lts  fo r  three Lewis
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ra ts  trea ted  w ith 8.5 Gy. The p ro file s  thus obtained 
were ind is tin gu ish ab le  from haematological p ro file s  in 
ra ts  trea ted  w ith  e ith e r 7.5 or 9.25 Gy.
During the f i r s t  two days a fte r  ir ra d ia t io n , to ta l 
leukocyte counts showed a profound f a l l  (Fig 4 .1 ), 
fo llowed over the next few days by a tra n s ie n t r ise  
before fa l l in g  back to the nad ir. This “ abortive  r is e "
is  a well recognised phenomenon in rad ia tion  bio logy and 
is  due to  replenishment o f c irc u la tin g  c e lls  from 
leukocyte precursors, u n t i l  a fte r  one or two ce ll 
d iv is io n s  they succumb to the e ffe c ts  o f ra d ia tio n  
induced chromosome abnorm alities. The c e lls  c o n s titu tin g  
the abortive  r ise  do not have normal function  (Bond, 
F liedner & Archambeau, 1965). From about 14 days, there 
was a steady recovery in leukocyte numbers, frequen tly  
w ith  a period o f overcompensation before normal leve ls  
were regained.
The p ro f i le  fo r  c irc u la tin g  lymphocyte counts (Fig 4.2) 
fo llowed a s im ila r  general pattern to th a t seen fo r  to ta l 
leukocytes. Lymphocytes were p a r t ic u la r ly  rad iosens itive  
(c irc u la t in g  leve ls  were reduced to  less than 2% of 
normal by 48 hours) but nevertheless showed an early  
“ abortive  r is e "  and eventual recovery from day 14 
onwards.
P la te le t counts (Fig 4.3) f e l l  less ra p id ly , but 
reached very low leve ls by day 7, before r is in g  to  normal 
from day 14 onwards.
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Fig. 4 .1  E ffect o f irra d ia tio n  (8 .5  Gy) on c ircu la tin g  
leukocyte numbers in three Lewis ra ts .
Results are expressed as a percentage o f normal 
leukocyte numbers in  non-irrad ia ted  ra ts .
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Fig. 4 .2  E ffect o f irra d ia tio n  (8 .5  Gy) on c ircu la tin g  
lymphocyte numbers in three Lewis ra ts .
Results are expressed as a percentage o f normal 
lymphocyte numbers in  non-irrad ia ted  ra ts .
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Fig. 4 .3  E ffec t o f irrad ia tio n  (8 .5  Gy) on c ircu la tin g  
p la te le t  numbers in three Lewis ra ts .
Results are expressed as a percentage o f normal 
p la te le t numbers in non-irrad ia ted  ra ts .
The su rv iva l and haematological tes ts  in the above 
experiments w ith  Lewis ra ts  were repeated w ith  id e n tica l 
re su lts  in  irra d ia te d  DA s tra in  ra ts .
4 .4  A b il ity  o f acute irra d ia tio n  to prevent renal 
a llo g ra ft  re jection
Lewis ra ts  were irra d ia te d  w ith  e ith e r 7.5 or 8.5 Gy 
and immediately transplanted w ith a DA s tra in  kidney. 
C ontra la te ra l nephrectomy was performed a t the time o f 
tra n sp la n ta tio n , and re c ip ie n t su rv iva l times and serum 
urea leve ls  were monitored.
The re su lts  are summarised in tab le  4 .2 . As 
previously noted, unmodified Lewis re c ip ie n ts  ra p id ly  
re jected th e ir  g ra fts  (MST 7 days) and died w ith a 
markedly elevated blood urea le v e l. In con trast, 
ir ra d ia t io n  o f rec ip ien ts  w ith  e ith e r 7.5 or 8.5 Gy 
s ig n if ic a n t ly  prolonged g ra ft surv iva l (MST >50 days) 
One ra t given 7.5 Gy died on day 4 because o f a u re te ric  
leak and three ra ts  given 8.5 Gy died ( o r  were 
s a c r if ic e d ) on days 11, 15 and 21 because o f rad ia tion
induced hind leg para lys is and severe diarrhoea.
As shown in Table 4.2, a llo g ra f t  re c ip ien ts  given 7.5 
Gy had a s ig n if ic a n t ly  higher day 7 serum urea than those 
rece iv ing 8.5 Gy (p<0.02), although by day 14 th is  had 
fa lle n  and serum urea leve ls were s im ila r  in  both groups.
151
Table 4 .2  Survival and serum urea levels of irrad ia ted  Lewis 
recip ients of DA renal a llo g ra fts .
IRRADIATION N SURVIVAL MST UREA LEVELS (mM/L; median & range) 
(Gy) (days) (days) d7 d!4 d21
none 8 6 ,7 ,7 ,7 , 8 124
8 ,8 ,8 ,8  (101-163)
7.5 4a , >50, 
>50,>50, 
>50,>50
>50
8.5 11,15,21,b >50 
35c ,>50,
>50,>50,>50
37
(31-49)
17
( 10- 21)
7
(7-9)
16
(8-38)
15
(7-39)
8
(6-33)
Table 4.2 Irra d ia ted  (7.5 or 8.5 Gy) Lewis rec ip ien ts  received 
a DA renal a llo g ra f t  w ith  immediate con tra la te ra l nephrectomy. 
G raft re je c tio n  was monitored by observing re c ip ie n t surv iva l 
time and by measuring serum urea leve ls  in  s e r ia l blood 
samples.
Serum urea leve ls  on day 7 in ra ts  rece iv ing 7.5 Gy 
ir ra d ia t io n  were s ig n if ic a n t ly  higher than in ra ts  treated w ith
8.5 Gy (p<0.02, Mann-Whitney U te s t) .
a) Death due to  u re te r ic  leak.
b) The three ra ts  dying on days 11,15 & 21 had normal urea leve ls .
c) Anaesthetic death, normal urea.
Kidney a llo g ra fts  were excised from irra d ia te d  ra ts , 
a fte r  s a c r if ic e  a t 50 days or la te r ,  fo r  rou tine  
h is to lo g y . None o f the g ra fts  were swollen or showed any 
o f the features o f acute g ra ft re je c tio n  (irre sp e c tive  of 
whether they had received 7.5 or 8.5 Gy). However, i t  
was thought l ik e ly  th a t the high day 7 serum urea in the
7.5 Gy group might have been an in d ica tion  of tra n s ie n t 
re je c tio n  due to incomplete ab la tion  o f the immune 
response. I t  was decided, the re fo re , to use the higher 
dose o f 8.5 Gy fo r  subsequent adoptive tra n s fe r s tud ies, 
despite the increase in rad ia tion  associated m orb id ity .
4 .5  A b il ity  o f adoptively transferred LNC to restore  
renal a llo g ra ft  re jection  in acutely irrad ia ted  Lewis 
recip ients
Irra d ia te d  (8.5 Gy) Lewis ra ts  were transplanted w ith 
a DA s tra in  kidney and then given an intravenous inoculum 
o f syngeneic lymphocytes prepared from the pooled 
ce rv ica l and mesenteric lymph nodes o f normal Lewis ra ts . 
C ontra la tera l nephrectomy was performed a t the time o f 
tran sp lan t. Table 4.3 shows the a b i l i t y  o f d if fe re n t 
numbers o f LNC to restore f i r s t  set g ra ft re je c tio n . 
The adoptive tra n s fe r o f 1x10® LNC fa ile d  to  f u l ly  
restore rapid g ra ft re jec tio n  (MST 14 days) although the 
day 7 urea leve ls  were moderately elevated. However,
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Table 4.3 The a b ility  of transferred LNC to restore DA renal
a llo g ra ft rejection in acutely irradiated Lewis rats
LNC N SURVIVAL (days) MST DAY 7 UREA (ir#1/L)
TRANSFERRED (days) (median & range)
5 x 107 4 7 ,7 ,8 ,9  8 137 (101-191)
1 x 107 5 7 ,8 ,8 ,9 ,9  8 102 (63-127)
1 x 106 3 12,14,15 14 46(23-49)
Table 4.3 Irra d ia te d  (8.5 Gy) Lewis rec ip ien ts  received a DA 
renal a llo g ra f t  w ith  immediate con tra la te ra l nephrectomy, and 
were reconstitu ted  w ith an intravenous inoculum o f syngeneic, 
unseparated LNC. G raft re je c tio n  was monitored by observing 
re c ip ie n t su rv iva l time and by measuring serum urea leve ls  in 
s e ria l blood samples.
increasing the number o f transfe rred  c e lls  to  lx lO 7 
or more restored re je c tio n  to the tempo seen in 
unmodified animals (MST 8 days) w ith markedly elevated 
day 7 serum urea le ve ls . A llo g ra fts  excised a fte r  death 
fo r  h is to lo g ic a l examination a l l  showed signs o f severe 
g ra ft  re je c tio n .
4 .6  A b ility  of negatively selected LNC subpopulations to 
restore renal a llo g ra ft  re jection  in irrad ia ted  Lewis 
rats
Further adoptive tra n s fe r experiments were performed 
in  which the a b i l i t y  o f negative ly selected LNC
subpopulations to  restore f i r s t  set a llo g ra f t  re je c tio n  
was examined. The p u r ity  o f depleted T ce ll 
subpopulations was checked on each occasion, e ith e r by 
FACS analysis or by immunoperoxidase s ta in ing  o f 
cytocentrifuged s lid e  preparations o f the depleted c e lls , 
counting a t leas t 400 c e lls  on each s lid e . T yp ica lly , 
norma) Lewis LNCs before depletion comprised 
approximately 63% T c e lls  (MRC 0X19+), 33% B c e lls  (MRC
0X12+), 21% CD8 c e lls  (MRC 0X8+) and 48% CD4 c e lls
(W3/25+). Following rosette  deple tion, approximately 10% 
o f the selected c e lls  fa ile d  to label w ith  any o f the 
antibodies used and were regarded as "n u n " c e lls
pheno typ ica lly , while the remaining 90% were labe lled
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w ith  both MRC 0X19 and e ith e r MRC 0X8 or W3/25. On every 
occasion, contaminating c e lls  o f the unwanted phenotype 
amounted to  less than 0.5%.
Based on the fin d in g  th a t 1x10^ unseparated LNC 
e ffe c t iv e ly  restored g ra ft re je c tio n , g ra ft rec ip ien ts  
were in jec ted  w ith 5x10® T lymphocytes alone (LNC 
depleted o f B c e lls  by rose tting  w ith MRC 0X12). As 
shown in  Table 4.4 , a llo g ra f t  rec ip ien ts  ra p id ly  re jected 
th e ir  g ra fts  (MST 8 days) ind ica ting  th a t T c e lls  were as 
e ffe c t iv e  as unseparated LNC in res to ring  g ra ft
re je c tio n .
In con tras t, re co ns titu tio n  o f irra d ia te d  rec ip ie n ts  
w ith  negative ly selected T c e ll subpopulations was
re la t iv e ly  in e ffe c tiv e  a t res to ring  f i r s t  set g ra ft
re je c tio n  (Table 4 .4 ). An inoculum o f 5x10® CD4
lymphocytes (depleted o f MRC 0X12+ and MRC 0X8+ c e lls )
resu lted  in  a median surv iva l time o f 24 days (range
10-38 days) w ith a median day 7 urea o f 40 mM/L, while 
the same number o f CD8 lymphocytes (depleted of B c e lls  
and W3/25+ c e lls )  gave a median surv iva l time o f 20 days 
(range 8->50 days) w ith a median day 7 urea o f 34 mM/L. 
Increasing the number of CD4 c e lls  transfe rred  from 
5x10® to  2-5xl07 s t i l l  fa ile d  to  restore 
optimal f i r s t  set re je c tio n  (MST 28 days). Although 
p u r if ie d  T c e ll subsets were c le a rly  unable to  restore
g ra ft  re je c tio n  to  normal tempo, i t  could not be
determined w ith  ce rta in ty  th a t they were unable to  cause
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Table 4.4 A b ility  of depleted LNC subpopulations to restore DA renal
a llo g ra ft rejection in acutely irradiated Lewis rats
CELLS TRANSFERRED N SURVIVAL MST DAY 7 UREA (rtM/L)
(No. & phenotype) (days) (days) (median & range)
5 x 10® T c e lls  5 8 ,8 ,8 ,9 ,9  8 53 (39-109)
5 x 10® CD4 5 10,13,24, 24a 40 (13-50)
34,38
2-5 x 107 CD4 5 17,19,28, 28a 33 (16-46)
30,>50
5 x 10® CD8 7 8,9,14,20, 20a 34 (15-42)
>50,>50,>50
Table 4.4 Irra d ia ted  (8.5 Gy) Lewis rec ip ien ts  received a DA 
renal a llo g ra f t  w ith  immediate con tra la te ra l nephrectomy, and 
were reconstitu ted  w ith an intravenous inoculum o f syngeneic 
LNC subpopulations. LNC subpopulations were negative ly selected 
by la b e llin g  the unwanted ce ll types w ith MAbs and rose ttin g  
them w ith  sensitised sheep erythrocytes. Unlabelled lymphocytes 
were separated from rosettes by density gradient 
ce n tr ifu g a tio n , washed and resuspended fo r in je c tio n  in to  the 
re c ip ie n t. G ra ft re jec tio n  was monitored by observing re c ip ie n t 
su rv iva l time and by measuring serum urea leve ls  in se ria l 
blood samples.
a) G ra ft su rv iva l was s ig n if ic a n t ly  prolonged in CD4 (p<0.01) 
or CD8 (p<0.05), compared w ith T c e ll ,  reconstitu ted  ra ts ; 
(Mann-Whitney U te s t) .
delayed g ra ft re je c tio n  in some animals. Nevertheless, 
the su rv iva l data in  animals reconstitu ted  w ith  T ce ll 
subpopulations did not show a s ta t is t ic a l ly  s ig n if ic a n t 
d iffe rence  from the surviva l o f ir ra d ia te d , 
non-reconstitu ted re c ip ie n ts . I t  was there fore  thought 
th a t the range o f surv iva l times and the moderately 
raised serum urea leve ls  probably re fle c te d  the general 
i l l  health o f the a llo g ra f t  rec ip ien ts  fo llo w ing  acute 
ir ra d ia t io n , ra ther than the p o s s ib il i ty  th a t the dose 
o f c e lls  administered was a "bo rde rlin e1 dose, and tha t 
the sca tte r o f surv iva l times were simply b io log ica l 
v a r ia tio n  in the response to the inocula.
O vera ll, these resu lts  therefore suggest th a t ne ithe r T 
c e ll subpopulation alone can e ffe c t iv e ly  restore f i r s t  
set re je c tio n  to  irra d ia te d  Lewis re c ip ie n ts  o f DA renal 
a llo g ra fts .
4.7  Examination of the c e llu la r  requirements fo r f i r s t  
set renal a llo g ra ft  re jection  in the reciprocal Lewis 
in to  DA s tra in  combination
Experiments were also performed w ith  a view to 
in ve s tig a tin g  the c e llu la r  requirements fo r  f i r s t - s e t  
renal a llo g ra f t  re je c tio n  in  the reciproca l Lewis in to  
DA s tra in  combination. This s tra in  combination is  known 
to  be "weaker" than the DA in to  Lewis combination as
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i l lu s t ra te d ,  fo r  example, by i t s  re la t iv e  s u s c e p t ib ility  
to enhancement pro tocols. Thus, passive or active  
enhancement may re a d ily  produce long term su rv iva l o f 
Lewis renal a llo g ra fts  in DA rec ip ien ts  but not vice 
versa (Fabre & M orris, 1972).
In an attempt to demonstrate th a t acute ir ra d ia tio n  
(8.5 Gy) o f DA rec ip ien ts  prevented them from re je c tin g  
a renal a llo g ra f t ,  s ix  irra d ia te d  animals were 
transplanted w ith  a Lewis kidney. As in the previous 
experiments, con tra la te ra l nephrectomy was performed at 
the time o f tran sp lan ta tion . However, only one o f the 
s ix  animals survived fo r  longer than 50 days and the 
ind iv idua l su rv iva l times fo r  the remainder were 3 ,3 ,7 ,8  
and 12 days. Death appeared to  be due to  ra d ia tion  
induced side e ffe c ts  (p a r t ic u la r ly  g a s tro in te s tin a l 
syndrome) ra ther than g ra ft re je c tio n , since none o f the 
animals developed a high (>20 mM/L) blood urea le v e l, and 
h is to lo g ic a l examination o f th e ir  kidney g ra fts  a fte r  
death showed no convincing evidence o f g ra ft re je c tio n . 
I t  was concluded th a t irra d ia te d  DA s tra in  ra ts  were less 
able than Lewis ra ts  to to le ra te  renal transp lan ta tion  
and immediate con tra la te ra l nephrectomy. Consequently, 
in  a fu rth e r f iv e  irra d ia te d  animals, renal 
transp lan ta tion  was performed but con tra la te ra l 
nephrectomy was delayed u n t i l  day 7 (although th is  meant 
performing nephrectomy on animals w ith  a grossly reduced 
p la te le t count). As shown in Table 4.5 , a l l  animals
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Table 4 .5  Survival of Lewis renal a llo g ra fts  in acutely  
irrad ia ted  DA recipients
RECIP. RATS SURVIVAL MST UREA LEVELS (mM/L, median & range) 
RADS (N) (days) d9 d!4 d28
none 6 10,10,10 10 89
10,10,10 (85-104)
8.5 Gy 5 >50,>50 >50 nd 6 6
>50,>50,>50 (4-19) (5-12)
Table 4.5 Irra d ia te d  (8.5 Gy) and unmodified DA rec ip ie n ts  
received a Lewis renal a llo g ra f t  and con tra la te ra l nephrectomy 
was performed on day 7 a fte r  transp lan ta tion . G ra ft re je c tio n  
was monitored by observing re c ip ie n t su rv iva l time and by 
measuring serum urea leve ls  in se ria l blood samples.
survived fo r  longer than 50 days w ith no apparent r ise  in 
blood urea leve ls . This contrasted w ith  s ix  
non-irrad ia ted  DA ra ts  which a ll  ra p id ly  re jected th e ir  
Lewis kidney g ra fts  and died (MST 10 days) w ith  a 
markedly elevated blood urea le ve l.
S u rp ris in g ly , i t  was very d i f f i c u l t  to restore the 
re je c tio n  response by tra n s fe rr in g  lymphocytes prepared 
from the lymph nodes o f normal, syngeneic DA ra ts . 
Varying numbers o f B ce ll-dep le ted  lymphocytes were 
transfe rred  w ithout causing g ra ft loss, although there 
was often a marked, but temporary r ise  in  serum urea 
leve ls  on the second day a fte r  con tra la te ra l nephrectomy 
(Table 4 .6 ). This re je c tio n  episode eventually
resolved spontaneously and the rec ip ien ts  survived fo r  
longer than 50 days when they were s a c r if ic e d , often 
w ith  normal urea leve ls . Even the tra n s fe r o f very large 
numbers o f unseparated LNC fa ile d  to cause ir re v e rs ib le  
g ra ft  re je c tio n , in sp ite  o f extremely high serum 
urea and crea tin ine  leve ls . S im ila r ly , the tra n s fe r o f 
s p e c if ic a lly  sensitised c e lls  did not cause g ra ft loss 
except in  one animal, which died on day 9 a fte r  
transp lan ta tion  w ith a moderately high urea leve l (Table 
4 .6 ). C lea rly , there was l i t t l e  to  be gained from
studying the e ffe c ts  o f tra n s fe rr in g  lymphocyte
subpopulations i f  f i r s t  set g ra ft re je c tio n  could not be
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Table 4.6 In a b ility  of transferred lymphocytes to restore Lewis renal
a llo g ra ft rejection in acutely irradiated DA recipients
RATS
(N)
CELLS TRANSFERRED 
(N. & ce ll type)
SURVIVAL
(days)
MST
(days)
UREA LEVELS (mM/L, med 
d9 dl4
& range) 
d28
3 lx lO 7 T ce lls >50,>50 
>50
>50
(14-40)
13
(8-24)
10
(6-10)
4 3 -5x l07 T ce lls 11, 48, 
>50,>50
49 56
(24-68)
17
(15-25)
12
(11-24)
3 5-13xl07 LNC >50,>50, 
>50
>50 59
(45-96)
23
(23-33)
17
(15-32)
4 l-2 x l0 7 sens.
T c e lls 2
9, >50, 
>50,>50
>50 52
(30-68)
36
(22-44)
26
(22-27)
Table 4.6 Irra d ia te d  (8.5 Gy) DA rec ip ien ts  received a Lewis 
renal a llo g ra f t  and were immediately reconstitu ted  w ith  an 
intravenous inoculum of syngeneic LNC, or T c e lls  depleted of 
MRC 0X12 p o s itive  c e lls  by rosette  deple tion. C ontra la tera l 
nephrectomy was performed on day 7 a fte r  transp lan ta tion . G raft 
re je c tio n  was monitored by observing re c ip ie n t su rv iva l time 
and by measuring serum urea leve ls in se ria l blood samples.
a) Sensitised c e lls  were prepared from DA ra ts  th a t had 
re jected  two Lewis skin g ra fts .
restored w ith  re la t iv e ly  large numbers o f unseparated 
naive LNC and the decision was taken to discontinue the 
adoptive tra n s fe r studies in th is  s tra in  combination.
A ll subsequent experiments described in  th is  chapter 
there fore  re fe r to  investiga tions performed in Lewis 
re c ip ie n ts  o f DA renal a llo g ra fts .
4.8  Inmunohistology of DA renal a llo g ra fts  in irra d ia te d , 
reconstituted Lewis recipients
Cryostat sections o f DA renal a llo g ra fts  removed from 
Lewis rec ip ie n ts  on day 7 a fte r  transp lan ta tion  were 
sta ined, using an in d ire c t immunoperoxidase technique, 
w ith  a range o f monoclonal antibodies to  ra t leukocytes 
and to  MHC class I and class I I  antigens. The extent o f 
leukocyte in f i l t r a t io n  of the g ra fts  was determined by 
morphometric analys is, and the s a lie n t features are 
described below.
DA renal a llo g ra fts  undergoing unmodified re je c tio n  in 
non -irrad ia ted  Lewis ra ts showed a progressive and heavy 
mononuclear c e ll in f i l t r a t e ,  and associated induction o f 
MHC class I and class I I  antigen expression in the g ra ft 
(as determined by la b e llin g  w ith the MAbs MRC 0X18 and 
MRC 0X6). The phenotype o f the in f i l t r a t e  and pattern o f
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MHC induction appeared broadly s im ila r to th a t already 
described in d e ta il fo r  re je c tin g  DA kidneys in PV6 
re c ip ie n ts  (chapter 3 ).
Non-re jecting DA kidneys obtained a t days 5-7 a fte r  
transp lan ta tio n  in to  irrad ia te d  (8.5 Gy) Lewis ra ts  
contained, by day 5, occasional small fo c i o f
in f i l t r a t in g  leukocytes scattered throughout the renal 
cortex which became heavier and more widespread by day 7 
(20.5% area in f i l t r a t e  when assessed by morphometric 
ana lys is ). Although a moderate number o f c e lls  stained 
w ith  MRC 0X8 and/or W3/25, there was . l i t t l e  s ta in ing
w ith  MRC 0X19, suggesting th a t the c e llu la r  in f i l t r a t e
comprised rad io re s is tan t or ra p id ly  regenerating NK c e lls  
or macrophages. There was evidence o f s l ig h t  class I and 
class I I  MHC antigen induction w ith in  the g ra fts .
In con tras t, re je c tin g  g ra fts  obtained from irra d ia te d  
ra ts  reconstitu ted  w ith unseparated LNC contained a 
heavy mononuclear ce ll in f i l t r a t e ,  ind is tingu ishab le  in 
magnitude and phenotype from g ra fts  in  non-irrad ia ted  
hosts, together w ith  a s im ila r pattern o f MHC antigen 
induction .
Day 7 a llo g ra fts  from irra d ia te d  rec ip ien ts  
reconstitu ted  w ith e ith e r CD4, CD8 or unseparated T c e lls  
showed a moderately heavy and d iffu se  c e llu la r  in f i l t r a t e  
as detected by s ta in ing  w ith MRC 0X1. Irrespective  of 
the phenotype o f the reco ns titu tin g  inoculum, a l l  kidneys 
contained many c e lls  th a t were e ith e r MRC 0X8+ or W3/25+,
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but re la t iv e ly  few which were o f the MRC 0X19 phenotype, 
suggesting again th a t much o f the inflammatory g ra ft 
in f i l t r a t e  in  irra d ia te d , reconstitu ted  animals derived 
from ra d io re s is ta n t host NK c e lls  and macrophages
ra ther than from the inoculum. I t  is  apparent from Fig 
4.4 th a t there was very l i t t l e  d iffe rence in e ith e r the 
magnitude or the phenotype o f the c e llu la r  in f i l t r a t e  in 
these three groups although, paradoxica lly , there were 
s l ig h t ly  fewer MRC 0X8 p os itive  c e lls  in the g ra fts  o f 
animals reconstitu ted  w ith CDS c e lls  (p < 0.05). 
In te re s tin g ly , g ra fts  in  both groups demonstrated 
moderate induction o f both class I and class I I  MHC 
antigens in  sp ite  o f the absence o f a f i r s t - s e t  re je c tio n  
response, although th is  MHC induction was less marked and 
more va riab le  than th a t seen in animals restored w ith  
unseparated LNCs.
4 .9  Functional reperto ire  o f spleen c e lls  and g ra ft  
in f i l t r a t in g  c e lls  from irrad ia ted  Lewis recip ients o f 
DA renal a llo g ra fts
In view o f the observation th a t re co ns titu tio n  o f 
ir ra d ia te d  Lewis renal a llo g ra f t  rec ip ie n ts  w ith  T 
lymphocyte subpopulations fa ile d  to  restore f i r s t  set 
a llo g ra f t  re je c tio n  in  sp ite  o f the presence w ith in  the 
g ra ft  o f a moderate c e llu la r  in f i l t r a t e ,  i t  seemed
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Fig. 4 .4  Phenotypic analysis of the c e llu la r  in f i l t r a t e  
in DA renal a llo g ra fts  transplanted into irrad ia ted  
Lewis recip ients reconstituted with e ith er CD4, CD8 or 
unseparated T c e lls .
Cryostat sections (four g ra fts  a t day 7) were labe lled  
w ith  MRC 0X1 (a ll  leukocytes), MRC 0X8 (Tc and NK 
c e lls ) ,  W3/25 (Th and macrophages), and MRC 0X19 (T 
c e lls ) .  The % area in f i l t r a t e  was determined by 
morphometric analysis; resu lts  are expressed as the 
median and range.
appropriate to investiga te  the functional capacity o f 
re c ip ie n t lymphoid c e lls  to lyse donor sp e c if ic  ta rge t 
c e lls  in  v i t r o .
In the in i t i a l  experiments, the spleen was used as the
source o f e ffe c to r c e lls . G raft in f i l t r a t in g  c e lls
were the preferred source of e ffe c to r c e lls  since the aim 
o f the experiments was to investigate  events occurring 
w ith in  the g ra ft ,  and although in e a r lie r  experiments the 
g ra fts  were used fo r  immunohistological examination of 
in f i l t r a t in g  c e lls , in the la te r  experiments, g ra ft
i n f i l t r a t in g  c e lls  were harvested (by enzyme d igestion) 
and also tested fo r  cy to tox ic  a c t iv ity .
C y to to x ic ity  assays were performed as described in 
sections 2.9.1 and 2 .9 .2 , using 51C r-labe lled  donor 
s tra in  (DA) ConA b lasts as the a llo s p e c if ic  ta rg e t and 
PVG ConA b lasts as th ird  party con tro ls . The NK 
susceptib le Y3 ce ll l in e  was used as a nonspecific 
ta rg e t.
A.9.1 In v itro  cyto toxic ity  of splenocytes from 
irrad ia ted  Lewis recipients of a DA renal a llo g ra ft
In an i n i t i a l  experiment, splenocytes obtained, a t day 
7, from an acute ly irrad ia te d  (8.5 Gy) Lewis re c ip ie n t o f 
a non-re jecting  DA renal a llo g ra f t  were compared w ith 
splenocytes obtained from a non-irrad ia ted  renal
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a llo g ra f t  re c ip ie n t and splenocytes from an irra d ia te d  
but LNC ( 107) reconstitu ted  g ra ft re c ip ie n t (both o f 
which would be expected to  re je c t th e ir  g ra fts ) .
As depicted in Fig 4 .5 , spleen c e lls  from the 
irra d ia te d  g ra ft re c ip ie n t displayed no a b i l i t y  to  lyse 
DA ConA b las ts . However, the irra d ia te d  animal which 
had been reconstitu ted  w ith 10^ LNC showed leve ls  o f 
a llo s p e c if ic  ly s is  comparable to those found in 
splenocytes from the non-irrad ia ted  g ra ft re c ip ie n t. The 
absence o f sp e c ific  c y to to x ic ity  in splenocytes from the 
irra d ia te d  g ra ft re c ip ie n t was in marked contrast to 
the high leve ls  o f nonspecific c y to to x ic ity  which they 
displayed. Fig 4.6 reveals th a t the leve ls  o f 
c y to to x ic ity  against Y3 in irra d ia te d  ra t splenocytes 
exceeded those shown by speen c e lls  from e ith e r the 
non-irrad ia ted  g ra ft re c ip ie n t or the irra d ia te d  but 
LNC reconstitu ted  re c ip ie n t. This experiment was 
repeated w ith  almost iden tica l re su lts .
The p o s s ib il i ty  tha t the presence o f macrophages in 
the e ffe c to r ce ll population was con tribu ting  to the 
observed sp e c if ic  or nonspecific c y to to x ic ity  was 
investiga ted . On two occasions, an a liq u o t o f the 
e ffe c to r splenocytes from irrad ia te d  but LNC 
reconstitu ted  g ra ft rec ip ien ts  was treated (by incubation 
w ith  carbonyl iron powder) to remove macrophages, and 
then compared w ith untreated e ffe c to r c e lls  fo r  th e ir  
a b i l i t y  to  lyse donor sp e c ific  or NK susceptib le ta rge ts .
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Fig. 4 .5  Cytotoxic a c tiv ity  of splenocytes harvested 
on day 7 from Lewis recipients of DA renal a llo g ra fts , 
against donor specific  DA ConA blasts.
Splenocyte e ffe c to r ce lls  were prepared, w ith
macrophage deple tion, from Lewis re c ip ien ts  which were 
e ith e r unmodified ( □ ) ,  irrad ia te d  (A), or irra d ia te d  
and reconstitu ted  w ith 107 LNC (O). In s u ff ic ie n t 
c e lls  « 1 0 7) were obtained from irra d ia te d , 
unreconstitu ted animals to perform assays a t the 100:1 
e ffe c to r : ta rge t ra t io .
% cytotoxicity
40
—Eh* DA-*L£W rejecting
30 ~ © ~  DA-*LEW irr + LNC
20
10
0
12.5:1 50:125:1 100:1
effector : target ratio
Fig. 4 .6  Cytotoxic a c t iv ity  of splenocytes harvested 
on day 7 from Lewis recipients of DA renal a llo g ra fts , 
against NK susceptible Y3 targets.
Splenocyte e ffe c to r ce lls  were prepared, w ith 
macrophage deple tion, from Lewis rec ip ien ts  which were 
e ith e r unmodified ( a ) ,  irrad ia te d  ( A ) ,  or irra d ia te d  
and reconstitu ted  w ith 107 LNC ( o ) .  In s u ff ic ie n t 
c e lls  (CIO7) were obtained from irra d ia te d , 
unreconstituted animals to perform assays a t the 100:1 
e ffe c to r : ta rge t ra t io .
On ne ithe r occasion were the leve ls  o f c y to to x ic ity  
reduced, and in one experiment they were s l ig h t ly  ra ised; 
in  subsequent experiments, e ffe c to r splenocytes were 
ro u tin e ly  macrophage depleted.
4 .9 .2  Cytotoxic a c t iv ity  of splenocytes obtained from 
irrad ia ted  a llo g ra ft  recipients reconstituted with LNC 
subpopulations
On a number o f occasions, experiments were performed in 
which three Lewis ra ts  were simultaneously irra d ia te d  
(8.5 Gy) then transplanted w ith a DA kidney. In each 
experiment, one o f the transplanted animals was then 
reconstitu ted  w ith 1x10^ unseparated LNC (as a 
p o s itive  con tro l) and the other two were reconstitu ted  
w ith  Ix lO 7 c e lls  o f p u r if ie d  lymphocyte 
subpopulations, e ith e r T ce lls  or CD4 c e lls  or CD8 c e lls . 
On day 7, the spleen c e lls  o f each animal were tested 
fo r  a lloan tigen  sp e c if ic  and nonspecific c y to to x ic ity .
4 .9 .2 .1  Reconstitu tion w ith T ce lls
P u rif ie d  T lymphocytes were prepared by rose tte  
depletion o f LNC using MRC 0X12. The a b i l i t y  o f spleen 
c e lls ,  from the three reconstitu ted g ra ft re c ip ie n ts , to 
lyse DA ConA b lasts is  shown in Fig 4.7. The two T 
c e ll reconstitu ted  animals demonstrated high leve ls  o f 
c y to to x ic ity  which were comparable to  those seen in the 
LNC reconstitu ted  animal. This c y to to x ic ity  was
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Fig. 4 .7  Cytotoxic a c t iv ity  of splenocytes harvested 
on day 7 from irrad ia ted , reconstituted Lewis 
recip ients o f DA renal a llo g ra fts , against donor 
sp ec ific  DA ConA b last targets.
Splenocyte e ffe c to r ce lls  were prepared, w ith 
macrophage deple tion, from Lewis rec ip ien ts  
reconstitu ted  w ith  10^ c e lls , e ith e r T c e lls  (D) 
or unseparated LNC (o ).
a llo s p e c if ic ,  since there was no detectable ly s is  o f 
th ird  party PVG ConA b lasts (re su lts  not shown). Spleen 
c e lls  from a l l  three animals also showed s im ila r ly  high 
leve ls  o f nonspecific c y to to x ic ity  against Y3 ta rge ts 
(Fig 4 .8 ). This experiment was repeated w ith  the same 
re s u lts .
4 .9 .2 .2  Reconstitu tion with CD4 c e lls
In th is  experiment, two o f the irra d ia te d , a llo g ra fte d  
Lewis rec ip ie n ts  were reconstitu ted w ith CD4 LNC depleted 
o f both B c e lls  and CD8 c e lls , and one animal received
unseparated LNC. Spleen c e lls  obtained a t day 7 from the 
two CD4 reconstitu ted  animals showed minimal leve ls  o f 
s p e c if ic  ly s is  o f DA ConA b lasts when compared w ith 
spleen c e lls  from the th ird  animal (Fig 4 .9 ). In 
con tras t, splenocytes from a ll animals demonstrated high 
leve ls  o f nonspecific c y to to x ic ity  against the Y3 
ta rg e t. This experiment was repeated w ith  ide n tica l
re su lts .
4 .9 .2 .3  Reconstitu tion w ith CD8 c e lls
In two fu rth e r experiments, one irra d ia te d  g ra ft 
re c ip ie n t was reconstitu ted w ith LNC and the other two 
received CD8 c e lls  prepared from LNC depleted o f B c e lls  
and CD4 c e lls . Spleen c e lls  from the two CD8
reconstitu ted  animals showed only modest leve ls  o f ly s is  
o f DA ConA b lasts when compared w ith  splenocytes from
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Fig. 4 .8  Cytotoxic a c t iv ity  of splenocytes harvested 
on day 7 from irrad ia ted , reconstituted Lewis 
recip ients of DA renal a llo g ra fts , against NK 
susceptible Y3 targets.
Splenocyte e ffe c to r c e lls  were prepared, w ith 
macrophage deple tion, from Lewis rec ip ien ts  
reconstitu ted  w ith 10' c e lls , e ith e r T c e lls  (□) 
or unseparated LNC (o ) .
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Fig. 4 .9  Cytotoxic a c tiv ity  of splenocytes harvested 
on day 7 from irrad ia ted , reconstituted Lewis 
recip ients of DA renal a llo g ra fts , against donor 
spec ific  DA ConA b last targets.
Splenocyte e ffe c to r ce lls  were prepared, w ith 
macrophage deple tion, from Lewis rec ip ien ts  
reconstitu ted  w ith  10' c e lls , e ith e r CD4 c e lls  (a) 
or unseparated LNC (o ).
the LNC reconstitu ted  animals (Fig 4 .10). As before, 
nonspecific  c y to to x ic ity  against Y3 was the same in a l l  
animals, and the two experiments gave the same re su lts .
4 .9 .3  Cytotoxic a c t iv ity  of g ra ft in f i l t r a t in g  c e lls  and 
splenocytes from irrad ia ted  a llo g ra ft  recipients  
reconstituted with LNC subpopulations
The fo llow ing  experiments were performed in order to 
demonstrate th a t any observed d iffe rences in sp e c if ic  
c y to to x ic ity  in splenocytes from reconstitu ted  animals 
were e n t ire ly  due to true functional d iffe rences between 
the in jec ted  ce ll subpopulations and not a r t i fa c ts  o f the 
methods used fo r ce ll separation. Two a liquo ts  o f LNCs 
were simultaneously depleted o f B c e lls  and e ith e r CD4 
c e lls  or CD8 c e lls . In two ide n tica l experiments, three 
ir ra d ia te d  Lewis rec ip ien ts  of DA renal a llo g ra fts  were 
reconstitu ted  w ith 1x10^ c e lls  which were e ith e r CD4 
c e lls  alone, CD8 ce lls  alone, or a m ixture o f equal 
numbers o f each. Animals were sa c rif ice d  on day 7 and 
both splenocytes and g ra ft in f i l t r a t in g  c e lls  were 
tested fo r  in  v it ro  c y to to x ic ity . The re su lts  o f a 
representative experiment are shown in Figs 4.11 and 
4.12, and summaries of a to ta l o f three separate 
experiments are shown in Tables 4.7 and 4.8.
As predicted from the previous experiments, spleen 
c e lls  from animals reconstitu ted w ith  a m ixture o f CD4 
and CD8 lymphocytes showed high leve ls  o f sp e c ific
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Fig. 4.10 Cytotoxic a c t iv ity  of splenocytes harvested 
on day 7 from irrad ia ted , reconstituted Lewis
recip ients of DA renal a llo g ra fts , against donor 
sp ec ific  DA ConA b last targets.
Splenocyte e ffe c to r ce lls  were prepared, w ith
macrophage deple tion, from Lewis rec ip ien ts  
reconstitu ted  w ith 10^ c e lls , e ith e r CD8 c e lls  (a) 
or unseparated LNC (O).
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Fig. 4.11 Cytotoxic a c t iv ity  of splenocytes harvested 
on day 7 from irrad ia ted , reconstituted Lewis 
recip ients of DA renal a llo g ra fts , against donor 
sp ec ific  DA ConA b last targets.
Splenocyte e ffe c to r ce lls  were prepared, w ith 
macrophage deple tion, from Lewis rec ip ien ts  
reconstitu ted  w ith 10^ c e lls , e ith e r CD4 c e lls  (O) 
or CD8 c e lls  (a ) or an equal mixture o f CD4+CD8 c e lls  (aJ.
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Fig. 4.12 Cytotoxic a c t iv ity  of g ra ft in f i l t r a t in g  
c e lls  harvested on day 7 from irrad ia ted , reconstituted  
Lewis recip ients of DA renal a llo g ra fts , against donor 
sp ec ific  DA ConA b last targets.
G raft in f i l t r a t in g  e ffe c to r ce lls  were extracted, by 
enzyme d igestion o f the g ra ft, from Lewis rec ip ien ts  
reconstitu ted  w ith 10^ c e lls , e ith e r CD4 c e lls  (O) 
or CD8 c e lls  (a ) or an equal mixture o f CD4+CD8 c e lls (o )
Table 4.7 Specific  and nonspecific cytotoxic a c t iv ity  of spleen 
ce lls  obtained from irrad ia ted , reconstituted Lewis 
recip ients of DA renal a llo g ra fts
RECONSTITUTING % CYTOTOXICITY (E:T RATIO 50:1) AGAINST VARIOUS TARGETS 
CELLS DA ConA blasts PVG ConA blasts Y3 ce ll lin e
5xl06 CD4 + 
5xl06 CD8 LNC
44%
(39%,38%,56%)
lx lO 7 CD8 LNC 13% '
( 11%,7%,22%)
<1%
( 0%,2%,0%)
22%
(12%,28%,27%)
< 1%
( 0%,0%,0%)
33%
(13%,29%,57%)
lx lO 7 CD4 LNC 5%
(1%,6%,7%)-
< 1%
( 0%,2%,0%)
29%
(13%,32%,42%)
Table 4.7 Spleen c e lls  were harvested on day 7 a fte r
transp lan ta tion  and tested fo r  th e ir  a b i l i t y  to  lyse
chromium-labelled ta rg e t c e lls  as described in  chapter 2. 
Results are expressed as the mean and ind iv idua l values fo r
c y to to x ic ity  leve ls  a t E:T ra t io  50:1 obtained from three
separate experiments.
Table 4 .8  Specific  and nonspecific cytotoxic a c t iv ity  of g ra ft  
in f i l t r a t in g  ce lls  from irrad ia ted , reconstituted  
Lewis recip ients of DA renal a llo g ra fts
RECONSTITUTING % CYTOTOXICITY (E:T RATIO 50:1) AGAINST VARIOUS TARGETS
CELLS DA ConA blasts PVG ConA blasts Y3 ce ll lin e
5xl06 CD4 + 
5xl06 CD8 LNC
21%
(23%,24%,15%)
<1%
(0%,0%,0%)
3%
(4%,4%,1%)
lx lO 7 CD8 LNC 3%
( 0%,2%,7%)
<1%
(0%,0%,0%)
3%
(0%,4%,6%)
lx lO 7 CD4 LNC 2%
(0%,1%,5%)
<1%
(0%,0%,0%)
4%
(1%,4%,8%)
Table 4.8 G ra ft in f i l t r a t in g  c e lls  were harvested (using 
enzymes) on day 7 a fte r  transp lan ta tion  and tested fo r  th e ir  
a b i l i t y  to  lyse chromium-labelled ta rg e t c e lls  as described in 
chapter 2.
Results are expressed as the mean and ind iv idua l values fo r  
c y to to x ic ity  leve ls  a t E:T ra t io  50:1 obtained -from three 
separate experiments.
c y to to x ic ity  against DA ConA blasts but no a b i l i t y  to 
lyse PVG ConA b la s ts , ind ica ting  the a llo s p e c if ic  nature
o f the c y to to x ic ity  (Fig A .11 and Table 4 .7 ). In
con tras t, splenocytes from animals reconstitu ted  w ith 
e ith e r subpopulation alone showed low leve ls o f 
a llo s p e c if ic  c y to to x ic ity . As before, splenocytes from 
a l l  irra d ia te d  g ra ft rec ip ien ts  showed high leve ls o f 
nonspecific  c y to to x ic ity  against Y3 (Fig 4.13).
Mononuclear c e lls  harvested from re je c tin g  DA
a llo g ra fts  obtained from irrad ia te d  rec ip ien ts  
reconstitu ted  w ith a mixture o f CD4 and CD8 lymphocytes 
demonstrated moderate leve ls of cy to tox ic  a c t iv ity  
against DA ConA blasts and no ly s is  o f PVG ConA b lasts 
(F ig 4.12 and Table 4 .8 ). In contrast, g ra ft in f i l t r a t in g  
c e lls  obtained from animals reconstitu ted  w ith  e ith e r 
CD4 or CD8 c e lls  alone showed no a b i l i t y  to  lyse DA 
ConA b la s ts .
When g ra ft  in f i l t r a t in g  ce lls  were tested against the 
nonspecific  ta rge t Y3, the find ings  were notably 
d if fe re n t from those observed w ith spleen c e lls  from the 
same animals. None of the g ra ft in f i l t r a t in g  c e lls , 
inc lud ing  those from the re jec ting  g ra fts  in  (CD4+CD8) 
reconstitu ted  animals, showed any detectable ly s is .
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Fig. 4.13 Cytotoxic a c t iv ity  of splenocytes harvested 
on day 7 from irrad ia ted , reconstituted Lewis 
rec ip ients  o f DA renal a llo g ra fts , against NK 
susceptible Y3 targets.
Splenocyte e ffe c to r c e lls  were prepared, w ith 
macrophage deple tion, from Lewis rec ip ien ts  
reconstitu ted  w ith 10' c e lls , e ith e r CD4 c e lls  (o) 
or CD8 c e lls  (a ) or an equal mixture o f CD4+CD8 c e l ls fa /
4.10 Discussion
The experiments described in th is  chapter sought to 
determine the a b i l i t y  o f non-sensitised CD4 and CD8 
lymphocyte subpopulations to restore renal a llo g ra ft  
re je c tio n  when adoptive ly transferred to T ce ll depleted 
re c ip ie n ts . I t  was i n i t i a l l y  planned to use the ATXBM 
ra t as the T ce ll d e fic ie n t host, on the basis tha t T 
lymphocytes are essentia l fo r  g ra ft re je c tion  and ATXBM
ra ts  are T c e ll d e fic ie n t, although they have a normal
complement o f B lymphocytes. Because they also have 
re la t iv e ly  normal leve ls  o f p la te le ts  and other bone 
marrow derived leukocytes, ATXBM ra ts  are generally
h e a lth ie r than sub le tha lly  irrad ia ted  (but not bone
marrow reconstitu ted) animals. Hence they would be 
expected to  to le ra te  the surgical procedure o f renal 
transp lan ta tio n  well and th e ir  subsequent surv iva l and 
blood urea leve ls  would give a good ind ica tion  o f g ra ft 
re je c tio n . The in a b i l i t y  o f ATXBM animals to  re je c t a 
renal a llo g ra f t  was confirmed, as expected, but i t  became 
apparent th a t very large numbers o f lymphocytes 
(>108 LNC) would be necessary to consis ten tly  
resto re  f i r s t  set re je c tio n . I t  has been reported tha t 
as few as 2x l05 thoracic duct lymphocytes caused 
re je c tio n  o f, or necro tic  changes in , skin g ra fts  in  
ATXBM ra ts , and 5xl07 TDL consis ten tly  restored the 
skin g ra ft re je c tio n  response to  normal (Dallman, Mason &
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Webb, 1982). This may be an ind ica tion  o f the p a rtic u la r 
s u s c e p t ib i li ty  o f skin a llo g ra fts  to re je c tio n , since 
other inves tiga to rs  have reported tha t lx lO 8 
s p e c if ic a lly  sensitised lymphocytes are necessary to 
restore heart a llo g ra f t  re jec tion  in ATXBM re c ip ie n t 
ra ts  (Clason, Duarte, Kupiec-Weglinski e t a l , 1982;
Lear, Heidecke, Kupiec-Weglinski e t a l , 1983). The
discrepancy observed in the ce ll numbers required to 
restore f i s t  set organ a llo g ra ft re je c tio n  in ATXBM 
re c ip ie n ts  compared w ith acutely irra d ia te d  rec ip ien ts  
in  both the present experiments and previous reports 
suggests the induction, in ATXBM re c ip ie n ts , o f 
suppressor pathways, although no attempt was made to 
confirm th is  suggestion in th is  thes is . Clason et al 
(1982) used only 7.5 Gy to prepare ATXBM ra ts  fo llow ing  
thymectomy, thus there would undoubtedly have been 
extensive host bone marrow regeneration by the time the 
animals were g ra fted , although the lymphocytes would 
not, o f course, be thym ica lly  processed. These authors 
reported th a t they had been unable to  detect the 
presence, in  nonrejecting ATXBM a llo g ra f t  rec ip ie n ts , 
o f e ith e r suppressor c e lls , blocking antibodies, or o f 
reduced g ra ft immunogenicitv. Instead, they suggested 
th a t the requirement fo r adoptive tran s fe r o f large 
numbers o f c e lls  to  restore g ra ft re je c tio n  might be 
accounted fo r  by a lte red m igration patterns o f in jected  
lymphocytes in  ATXBM ra ts . This in te re s tin g  suggestion
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may be worthy of fu rth e r investiga tions.
As an a lte rn a tiv e  to ATXBM animals, i t  was decided to 
use ra ts  which had received a heavy but sublethal dose 
o f whole body gamma ir ra d ia tio n  as T ce ll d e fic ie n t 
hosts. This model has been used by several other groups 
(see Appendix A) w ith reproducible re su lts . Prelim inary 
experiments in non-transplanted animals confirmed the 
rapid and dramatic reduction of c irc u la tin g  lymphocyte 
leve ls  (>98% reduction) a fte r  ir ra d ia t io n , although by 
two weeks there was evidence o f bone marrow recovery and 
replenishment o f c irc u la tin g  leukocyte leve ls
in d ica tin g  the long-term lim ita tio n s  o f th is  p a rtic u la r 
model. Inev itab ly* acutely irrad ia te d  animals were less 
healthy than ATXBM animals, since a near le th a l dose o f 
ir ra d ia t io n  was necessary to completely ablate any 
detectable g ra ft re jec tion  response (8.5 Gy in  th is  
study). Consequently, monitoring renal a llo g ra f t  
re je c tio n  in  acutely irrad ia te d  ra ts on the basis o f 
re c ip ie n t surviva l is  less sa tis fa c to ry  since i t  is  
sometimes d i f f i c u l t ,  even w ith se ria l blood urea 
measurements, to ascertain whether early deaths a fte r  
transplantation are due predominantly to re je c tio n  and are 
not ra d ia tio n  induced.
Nevertheless, w ith in  these constra in ts i t  was possib le, 
using the DA in to  Lewis acute ir ra d ia tio n  model, to
c le a r ly  demonstrate th a t re la t iv e ly  small numbers of 
syngeneic unsensitised lymphocytes (0.5-1x10^ LNC)
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were s u f f ic ie n t  to consis ten tly  restore re jec tion  in a 
tempo comparable w ith tha t seen in non-irrad ia ted hosts. 
Conversely, the in a b i l i t y  o f even large numbers o f 
adop tive ly  transferred  lymphocytes in the reciprocal 
Lewis in to  DA s tra in  combination provided convincing 
evidence o f the re la t iv e ly  weak response o f DA 
(RTla) rec ip ien ts  to Lewis (RT1^) a lloantigens, 
presumably as a re su lt o f I r  gene co n tro l. This example 
emphasises the importance of in te rp re tin g  the resu lts  o f 
adoptive tra n s fe r experiments of th is  kind, in the 
context o f the p a rtic u la r s tra in  combination o f animals 
used.
The re su lts  o f adoptive trans fe r experiments in 
irra d ia te d  Lewis rec ip ien ts  o f DA renal a llo g ra fts  
confirmed th a t LNC which had been depleted o f B 
lymphocytes were as e ffe c tive  as unseparated LNC in 
re s to ring  f i r s t - s e t  re jec tion  - a fin d in g  which was in 
agreement w ith  previous reports fo r  f i r s t - s e t  heart 
a llo g ra f t  re je c tio n  (Hall e t a l , 1983). However, when
equivalent numbers of p u rif ie d  CD4 or CD8 lymphocytes 
were tested fo r th e ir  a b i l i t y  to restore re je c tio n , 
ne ithe r subpopulation tested was able, a t the ce ll 
numbers used, to restore re jec tion  in f i r s t - s e t  tempo. 
This was only achieved when both CD4 and CD8 c e lls  were 
transfe rred  simultaneously, suggesting th a t c e llu la r  
cooperation between the CD4 and CD8 subsets occurred in 
order to  cause re jec tion  - a mechanism which is
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apparently s im ila r to the c e llu la r  cooperation required 
fo r  the e f f ic ie n t  generation in v it ro  o f sp e c ific  
cy to to x ic  c e lls  in f u l ly  a llogeneic MLRs (Bach et a l , 
1976).
In te re s tin g ly , increasing the number o f adoptively 
trans fe rred  CD4 ce lls  by 4- to 10-fo ld  over the number o f 
unsparated T ce lls  tha t caused rapid re je c tio n  s t i l l  
fa i le d  to  in i t ia te  f i r s t - s e t  g ra ft re je c tio n . This 
observation contrasts w ith tha t o f Hall e t al (1983) who 
found th a t p u r if ie d  unsensitised CD4 ce lls  alone restored 
f i r s t - s e t  re jec tion  of heart a llo g ra fts  in acutely 
ir ra d ia te d  re c ip ien ts .
The immunohistological studies of a llo g ra fts  in 
ir ra d ia te d  rec ip ien ts  provided evidence tha t 
ra d io re s is ta n t or rap id ly  regenerating host c e lls  are 
found in  a llo g ra fts  and may be involved in the re jec tion  
response. Although non-re jecting g ra fts  in  irra d ia te d  
hosts showed only a sparse c e llu la r  in f i l t r a t e ,  adoptive 
tra n s fe r o f e ith e r CD4 or CD8 ce lls  alone increased the 
magnitude o f the in f i l t r a t e  and irrespective  o f which 
population had been used fo r  re co n s titu tio n , there were 
many c e lls  o f both MRC 0X8+ and W3/25+ phenotypes, which 
appeared to  be predominantly MRC 0X8 p os itive  NK c e lls  
and W3/25 p os itive  macrophages. Rejecting g ra fts  from 
animals reconstitu ted with both T ce ll subsets showed a 
heavy mononuclear ce ll in f i l t r a t e ,  which was s im ila r in 
magnitude and phenotype to  tha t observed in a llo g ra fts
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undergoing unmodified re jec tion  (chapter 3) and i t  was 
considered l ik e ly  th a t the m a jority  o f these c e lls  were 
secondarily recru ited  host c e lls , although th e ir  degree 
o f involvement is  d i f f i c u l t  to assess.
As shown by the in v it ro  c y to to x ic ity  re su lts , acute 
ir ra d ia t io n  of unreconstituted a llo g ra ft  rec ip ien ts  
e ffe c t iv e ly  elim inated ce lls  w ith a llo s p e c if ic
c y to to x ic ity  from the spleen, although nonspecific
cy to tox ic  a c t iv ity  appeared to be rad io res is tan t. 
However, the p r in c ip le  observation from the functional 
analysis was th a t g ra ft re je c tio n , in T ce ll 
reconstitu ted  ra ts , correlated w ith the presence, in  both 
the spleen and the g ra ft, o f c e lls  which displayed 
a llo s p e c if ic  c y to to x ic ity . This contrasted w ith absent 
or only low leve ls  ( in  the CD8 and CD4 reconstitu ted 
animals respective ly ) o f a llo s p e c ific  c y to to x ic ity  in the 
spleens and non-re jecting g ra fts  o f animals reconstitu ted  
w ith  T c e ll subsets.
The presence o f ce lls  in re jec ting  g ra fts  o f T ce ll 
reconstitu ted  rec ip ien ts  which showed a llo s p e c if ic
c y to to x ic ity  contrasted sharply w ith the v ir tu a l absence 
o f g ra ft in f i l t r a t in g  ce lls  showing nonspecific 
c y to to x ic ity .  C o lle c tive ly , these find ings are consistant 
w ith  the suggestion th a t sp e c ific  cyto tox ic  T c e lls  are 
involved in  renal a llo g ra f t  re jec tion  but th a t generation 
o f an optimal a llo s p e c if ic  cyto tox ic  response in th is  
model requires T-T ce ll co llabora tion . The presence o f
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non-spec ific  cy to tox ic  ce lls  (presumably NK c e lls )  w ith in  
the re je c tin g  g ra ft does not appear to be an essential 
requirement fo r  g ra ft re jec tion  - a find ing  which is  
consisten t w ith  the observation of Heidecke e t a l , tha t 
the e lim ina tio n  o f NK ce lls  by in vivo treatment w ith 
a n ti-a s ia lo  GM1 does not abrogate the a b i l i t y  o f ra ts  to 
re je c t a heart a llo g ra ft  (Heidecke et a l , 1985).
As already noted, the absence of c e lls  showing 
nonspecific c y to to x ic ity  in the re jec ting  g ra fts  o f T 
c e ll reconstitu ted  animals occurred despite the presence 
w ith in  the g ra fts  of numerous ce lls  w ith a phenotype (MRC 
0X8 p o s it iv e , MRC 0X19 negative) consistent w ith  th a t o f 
NK c e lls .  This suggests tha t these c e lls , which are 
presumably host derived, do not have normal function 
despite th e ir  a b i l i t y  to  migrate to  the g ra ft in the 
presence o f re je c tio n .
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CHAPTER FIVE
EFFECTOR MECHANISMS IN THE 
PATHOGENESIS OF THE LOCAL RENAL 
GRAFT VERSUS HOST REACTION
5.1 Introduction
A s tr ik in g  demonstration o f the a b i l i t y  o f a llo re a c tive  
lymphocytes to  mediate in vivo renal parenchymal damage 
is  provided by the un id irec tion a l renal gra ft-versus-host 
reaction (GVHR) in the ra t, as o r ig in a lly  described by 
E lkins (1964, 1966). When parental s tra in  lymphocytes
are in jec ted  in to  the renal subcapsular s ite  o f FI 
re c ip ie n ts , they do not read ily  migrate from the s ite  o f
ino cu la tio n , and hence mediate th e ir  e ffe c ts  on the
subjacent renal parenchyma. By day 7, they produce an 
e a s ily  observable invasive destructive  lesion o f the
renal parenchyma, w ith mononuclear ce ll in f i l t r a t io n  and 
loca l tissue  necrosis. The histopathology o f th is  
response is  broadly s im ila r to th a t o f acute renal 
a llo g ra f t  re jec tion  which, as already shown, is  
characterised by heavy mononuclear ce ll in f i l t r a t io n  and 
destruction  by a llo re ac tive  lymphocytes.
A p a rtic u la r  advantage o f the renal GVH model is  tha t 
i t  provides a method whereby a llogeneic lymphocyte 
subpopulations can be tested fo r the a b i l i t y  to cause 
in vivo tissue damage in the presumed absence o f any
con tribu to ry  sp e c ific  e ffe c to r response from the host, 
since the FI rec ip ie n t would not be expected to  mount a 
response against e ith e r the in jected parental c e lls  or 
i t s  own kidney. The experiments described in  th is  
chapter were performed in order to investiga te  fu rth e r
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the c e llu la r  basis o f the local renal GVHR because o f i t s  
possible relevance to  the e ffe c to r mechanisms o f g ra ft 
re je c tio n .
5.2  A b ility  o f parental LNC to mediate a potent renal 
GVHR in F I recip ients .
For the purposes o f the experiments described in  th is  
chapter, parental LNC were prepared from pooled cervica l 
and mesenteric lymph nodes and l-5 x l0 7 lymphocytes 
in  a volume o f 0.1 ml DAB/FCS were in jected under the 
l e f t  renal capsule o f FI rec ip ien ts , as described in 
Chapter 2. Seven days la te r , the re c ip ie n t was 
sa c r if ic e d  and the presence or absence o f a renal GVHR 
was determined by both gross and h is to lo g ica l evaluation 
o f the in jected  kidney. In add ition , the weights o f the 
in jec ted  and the noninjected con tra la te ra l kidneys were 
expressed as a ra tio  (K i/K c). The resu lts  were 
in va ria b ly  unequivocal in th a t, depending on the 
p a rtic u la r  experiment, the in jected c e lls  e ith e r produced 
no h is to lo g ica l evidence o f a GVHR, and the Ki/Kc ra t io  
was 1.0, or there was an eas ily  recognisable renal GVHR, 
w ith  an associated increase in Ki/Kc.
In je c tio n  o f 107 Lewis c e lls  under the kidney 
capsule o f (LEWxDA)Fl rec ip ien ts  resu lted , by day 7, in 
the development o f a large GVHR lesion in a l l  animals.
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Fig 5.1 shows a typ ica l renal GVHR lesion invo lv ing a
large part o f the in jected  kidney, w ith the
c o n tra la te ra l, uninjected kidney fo r comparison. 
H is to lo g ica l examination revealed extensive c e llu la r  
in f i l t r a t io n  and renal tubu lar destruction , and th is  was 
associated w ith a s ig n if ic a n t increase in the weight 
o f the in jec ted  kidney (Table 5 .1 ). This experiment was 
repeated w ith  PVG LNC in jected in to  (DAxPVG)Fl 
re c ip ie n ts  and th is  again resulted in a grossly 
observable renal GVHR in a ll animals (Table 5 .1 ).
When FI rec ip ien ts  were given a heavy dose o f whole
body ir ra d ia tio n  (lOGy) p r io r  to renal subcapsular
in je c tio n  o f LNC, the renal GVH response was e n tire ly
abrogated. This confirmed the observations o f E lkins
(1966), and indicated the essential p a rtic ip a tio n  o f host 
rad iosens itive  c e lls  which were, presumably, bone^-marrow 
derived (Table 5 .1 ).
5.3 A b il ity  o f lymphocyte subpopulations to mediate the 
renal GVHR
The a b i l i t y  o f d if fe re n t parental lymphocyte
subpopulations to mediate a renal GVHR in FI rec ip ien ts  
was investigated by preparing h igh ly  p u rif ie d  lymphocyte 
subpopulations from LNC by rosette  depletion, as
described in Chapter 2. The resu lts  are shown in Table
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Fig. 5.1 Demonstration o f renal GVHR lesion a t day 7 in 
FI kidney in jected  w ith parental lymphocytes, compared 
w ith  non-in jected con tra la te ra l kidney.
A t y p ic a l  renal GVHR lesion is  gross ly observable, and 
re s u l t s  in a s ig n i f i c a n t  increase in the weight of  the 
in jec ted  kidney.
Table 5 .1 . A b ility  of parental LNC to mediate a local
renal GVHR in FI recipients
DONOR LNC 
(10^ c e lls )
RECIPIENT
STRAIN
IRRADIATION 
OF HOST
GVH LESIONS/ 
ANIMALS
Ki/Kca
LEWIS (LEWxDA)Fl none 4/4 1.32
(1 .2 -1 .43)b
PVG (DAxPVG)Fl none 8/8 1.30
(1.21-1.57)
LEWIS (LEWxDA)Fl 10 Gy 0/3 1.03
(1.0-1.11)
Table 5.1 1x10? parental s tra in  LNC were in jected  in to
the renal subcapsular s ite  o f FI re c ip ie n t ra ts . On day 7, 
evidence o f a renal GVHR was sought by gross and h is to lo g ica l 
examination o f the in jected  kidney. In add ition , the weights 
o f the in jec ted  (K i) and con tra la te ra l (Kc) were determined and 
expressed as a ra t io  Ki/Kc. The Ki/Kc ra t io  in experimental 
groups was compared w ith the Ki/Kc in control FI animals 
in jec ted  w ith  1x10^ syngeneic FI LNC (median Ki/Kc = 1.0, 
range 0.99-1.03). P values are shown fo r  groups w ith a 
s ig n if ic a n t increase in Ki/Kc (Mann-Whitney U te s t) .
a) Ki/Kc ra t io  expressed as median and range.
b) p<0.02
c) p<0.005
5.2. As expected, Lewis LNC depleted o f B c e lls  were as 
e ffe c tiv e  as unseparated LNC in causing a renal GVHR 
when in jec ted  in to  (LEWxDA)Fl rec ip ien ts . When the T 
c e ll subpopulations were tested, i t  was found th a t Lewis 
CD4 c e lls  were also e ffe c tive  in mediating a renal GVHR. 
However, in je c tio n  o f Lewis CD8 ce lls  in to  the renal 
subcapsular s ite  o f (LEWxDA)Fl rec ip ien ts  fa ile d  to 
produce a detectable renal GVHR (Fig 5 .2 ). S p e c if ic a lly  
sensitised  Lewis CD8 ce lls  (prepared from lymph node 
donors th a t had previously rejected two f u l l  thickness 
(LEWxDA)Fl skin g ra fts ) were also tested and found to be 
in e ffe c tiv e  a t provoking a renal GVHR. These experiments 
were repeated by tes ting  PVG lymphocyte subpopulations 
in  (DAxPVG)Fl rec ip ien ts  and the same pattern o f resu lts  
was obtained (Table 5 .2 ).
I t  was apparent from these experiments th a t the CD4 
lymphocyte subpopulation alone was responsible fo r  
causing the renal GVHR, and i t  therefore seemed l ik e ly  
th a t c e lls  in the inoculum were responding to  class I I  
a lloantigens expressed by renal parenchymal c e lls  and/or 
bone-marrow derived c e lls  w ith in  the re c ip ie n t kidney. 
Two possible mechanisms whereby CD4 c e lls  might cause 
parenchymal damage are considered. F ir s t ly ,  damage may 
be the re s u lt o f a c lassica l DTH type reaction in which 
activa ted  class I I  re s tr ic te d  CD4 c e lls  release 
lymphokines and tissue damage is  due to nonspecific 
inflammatory c e lls . Secondly, parenchymal damage may be
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Table 5.2 . A b ility  of LNC subpopulations to mediate
a local renal GVHR (107 cells injected)
P DONOR 
STRAIN
LNC
SUBGROUP
FI RECIPIENT 
STRAIN
GVH LESIONS/ 
ANIMALS
Ki/Kca
LEWIS T c e lls (LEWxDA)Fl 4/4 1.32
.(1 .21 -1 .42 )b
LEWIS CD4 (LEWxDA)Fl 6/6 1.23
(1.07-1.34)°
LEWIS CD8 (LEWxDA)Fl 0/6 1.00
(0.98-1.0)
LEWIS CD8d
(sens itised )
(LEWxDA)Fl 0/3 0.94
(0.94-1.04)
PVG CD4 (DAxPVG)Fl' 4/4 1.19
(1 .14 -1 .3 )b
PVG CD8 (DAxPVG)Fl 0/3 1.02
(1.0-1.03)
Table 5.2 lx lO 7 parental s tra in lymphocytes (negative ly
selected by rose tte  depletion) were in jected in to  the renal 
subcapsular s ite  o f FI rec ip ie n t ra ts . On day 7, evidence o f a 
renal GVHR was sought by gross and h is to lo g ica l examination of 
the in jec ted  kidney. The Ki/Kc ra tio  in experimental groups was 
compared w ith  the Ki/Kc in control FI animals in jected w ith 
syngeneic FI LNC. P values are shown fo r groups w ith a 
s ig n if ic a n t increase in Ki/Kc (Mann-Whitney U te s t) .
a) Ki/Kc ra t io  expressed as median and range.
b) p<0.02
c) p<0.005
d) Lewis donors sensitised by two DA skin g ra fts .
Fig. 5 .2  H istological comparison of FI kidneys injected  
w ith parental CD4 ce lls  (a & c) or with CD8 ce lls  (b ).
a) Section through a renal GVHR lesion induced by the 
subcapsular in je c tio n  of CD4 c e lls , showing extensive 
parenchymal destruction . (Day 7, H&E, xlOO).
b) Section through the s ite  o f renal subcapsular 
in je c tio n  o f CD8 c e lls , w ith the in jected c e lls  c le a rly  
v is ib le  in  a layer beneath the capsule, but no evidence 
o f parenchymal damage. (Day 7, H&E, xlOO).
c) High power view o f the lesion produced by CD4 c e lls , 
showing damaged renal parenchyma but re la t iv e ly  well 
preserved g lom eru li. (H&E, x!60).


mediated d ire c t ly  e ith e r by CD4 lymphocytes re leasing 
cy to to x ic  lymphokines, or by CD4 c e ll mediated 
c y to to x ic ity .
5.4  In v itro  cytotoxic a c t iv ity  o f mononuclear c e lls  from 
the renal GVHR lesion
While the m a jo rity  o f p ro life ra t in g  c e lls  in  the renal 
GVHR appear to  be o f donor o r ig in  (E lk in s , 1970), there 
is ,  in  a d d itio n , a substan tia l “ nonspecific" host 
co n tr ib u tio n  in  the renal in f i l t r a t e .
In the fo llo w ing  experiments, evidence fo r  a ro le  o f 
c y to to x ic  CD4 lymphocytes in the renal GVHR was sought by 
harvesting mononuclear c e lls  from an established renal 
GVHR and te s tin g  them fo r  in v i t r o  a llo s p e c if ic  cy to to x ic  
a c t iv i t y ,  as well as nonspecific NK c e ll mediated 
c y to to x ic ity .  C lea rly , however, because o f the host 
co n trib u tio n  in the GVH les ion , the cy to tox ic  a c t iv i t y  o f 
harvested in f i l t r a t in g  ce ll cannot be s t r i c t l y  a ttr ib u te d  
to  donor c e lls .
E ffe c to r c e lls  were prepared by mechanical d is ru p tio n  
and Percoll ce n trifu ga tio n  o f renal GVH lesions induced 
in  (DAxPVG)Fl re c ip ie n ts  by the inocu la tion  o f e ith e r 
unseparated PVG LNC or PVG CD4 lymphocytes. These 
c e lls  were tested in a standard 6-hour chromium release 
assay to  detect both sp e c if ic  cy to tox ic  a c t iv it y  against
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re levan t and th ird  pa rty  ConA b la s t ta rg e ts , and 
nonspecific  a c t iv i t y  against the NK susceptib le  ta rge ts  
Y3 and YAC-1.
Fig 5.3 shows the re s u lts  o f a ty p ic a l experiment in  
which e ffe c to r  c e lls  were harvested on day 7 from a renal 
GVH les ion  induced by an inoculum o f unseparated LNC. 
There were high leve ls  o f nonspecific  a c t iv i t y  against 
both Y3 and YAC-1 ta rg e ts , but only low leve ls  o f 
a c t iv i t y  against DA ConA b las ts  expressing class I and 
class I I  antigens o f donor phenotype. A c t iv i ty  d irected  
against th ird  party Lewis ConA b las ts  was minimal.
Fig 5.4 shows the cy to to x ic  a c t iv i t y  o f e ffe c to r  c e lls  
harvested from lesions induced by the in je c tio n  o f CD4 
c e lls  alone. Again there were high leve ls  o f nonspecific
a c t iv i t y  against Y3 and YAC-1 but in  th is  experiment,
s p e c if ic  a c t iv i t y  against DA ConA b las ts  was barely 
de tectab le , as was a c t iv i t y  against th ir d  party  Lewis 
ta rg e ts .
These experiments were repeated on two occasions w ith  
the same re s u lts . The fin d ing s  fa ile d  to  support a ro le  
fo r  a llo s p e c if ic  c y to to x ic ity  in  the renal parenchymal 
damage o f the renal GVHR, espec ia lly  in  les ions induced 
by the inocu la tion  o f CD4 c e lls  alone. The low leve ls  o f 
a llo s p e c if ic  cy to tox ic  a c t iv i t y  detected in  renal GVH 
les ions induced by in je c tio n  o f unseparated LNC were
probably caused by parental s tra in  cy to to x ic  precursor
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F ig . 5 .3  Cytotoxic a c t iv ity  o f renal GVHR c e lls ,  
extracted on day 7 from LNC-induced les ions, against 
s p e c ific  DA and th ird  party Lewis ConA b las ts , and 
against NK susceptible Y3 and YAC-1 ta rg e ts .
E ffe c to r c e lls  were prepared, by Percoll 
c e n tr ifu g a tio n , from four pooled les ions induced by 
in je c tio n  o f 10^ PVG LNC in to  the renal 
subcapsular s ite  o f (DAxPVG) FI re c ip ie n ts .
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Fig. 5 .4  Cytotoxic a c t iv ity  of renal GVHR c e lls ,  
extracted on day 7 from CD4-induced lesions, against 
sp e c ific  DA and th ird  party Lewis ConA b las ts , and 
against NK susceptible Y3 and YAC-1 ta rg e ts .
E ffe c to r c e lls  were prepared, by Perco ll 
ce n tr ifu g a tio n , from four pooled les ions induced by 
in je c tio n  o f 10? PVG CD4 c e lls  in to  the renal 
subcapsular s ite  o f (DAxPVG) FI re c ip ie n ts .
c e lls  o f CD8 phenotype in  the inoculum responding, w ith  
the help o f parental CD4 c e lls ,  to  re c ip ie n t a lloan tigens  
and developing in to  ac tiva ted  cy to to x ic  T c e lls .
5.5 Role o f MHC class d is p a ritie s  in the renal GVHR
The above experiments were performed in  animals whose 
s tra in  combinations represented MHC in c o m p a tib ilit ie s  a t 
both the class I and the class I I  lo c i (as well 
d iffe rences a t the minor h is to c o m p a tib ility  lo c i ) ,  and 
ye t there was no evidence o f a requirement fo r  a class 1 
re s tr ic te d  response by the in jec ted  c e lls  in  order to  
ra ise  a renal GVH les io n .
In the fo llo w in g  experiments, ra ts  o f the recombinant 
PVG se rie s , whose members d if fe r  from each other a t 
po in ts  w ith in  the MHC region, were used to  study the 
in fluence o f MHC subregion gene d is p a r it ie s  on the 
subsequent development o f the GVH response. The re su lts  
o f in je c tin g  parental s tra in  LNC under the kidney capsule 
o f FI re c ip ie n ts  d if fe r in g  a t only class I or a t class 
I I  MHC lo c i are shown in  Table 5.3. As might have been 
p red ic ted , parental c e lls  were unable to  respond to  RT1A 
class I incompatible re c ip ie n ts  d if fe r in g  a t e ith e r the 
“ a" haplotype (groups 1 & 2) or the "c" haplotype (groups 
3 & 4 ) . In con tras t, an in c o m p a tib ility  a t the class I I  
locus alone was s u f f ic ie n t  stim ulus to  provoke a renal
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Table 5 .3 . In fluence o f MHC subregion d is p a r it ie s  on 
the loca l renal GVHR
5R0UP P DONOR TO FI RECIPIENT NO. LNC 
STRAIN COMBINATION INJECTED
RT1 (MHC) 
DISPARITY
LESIONS/
ANIMALS
K i/Kc1
1 PVG to  (PVGrlxPVG)Fl lx lO 7 Aa 0/4 1.02
(0.98-1.11)
2 PVG to (PVGrlxPVG)Fl 5xl07 Aa 0/4 1.03
(0.98-1.05)
3 PVGrl to  (PVGrlxPVG)Fl lx lO 7 • Ac 0/4 1.00
(0.98-1.02)
4 PVGrl to  (PVGrlxPVG)Fl 5xl07 Ac 0/4 0.99
(0.98-1.04)
5 PVGrl to  (PVGrlxPVGrl9)Fl lx lO 7 BaDa 4/4 1.16
(1.11-1.28)
6 PVGrl to  (PVGrlxPVGrl9)Fl 5xl07 BaDa 4/4 l l l 7
(1.12-1.27)
7 PVGrl9 to  (PVGrlxPVGrl9)Fl lx lO 7 BCDC 4/43 1.11
(0.98-1.16)
8 PVGrl9 to  (PVGrlxPVGrl9)Fl 5xl07 BCDC 4/4 1.24
(1 .16-1.29)
Table 5.3 lx  or 5x l07 parental s tra in  lymphocytes were 
in je c te d  in to  the renal subcapsular s ite  o f FI re c ip ie n t ra ts . 
On day 7, evidence o f a renal GVHR was sought by gross and 
h is to lo g ic a l examination o f the in jec ted  kidney. The Ki/Kc 
ra t io  in  experimental groups was compared w ith  the Ki/Kc in  
con tro l FI animals in jec ted  w ith  syngeneic FI LNC. P values are 
shown fo r  groups w ith  a s ig n if ic a n t increase in  Ki/Kc 
(Mann-Whitney U te s t ) .
1) K i/Kc ra t io  expressed as median and range.
2) p<0.02.
3) M ild  GVHR apparent only on h is to lo g ica l examination.
GVHR. Parental c e lls  responded to RT1B + RT1D class I I  
incompatible re c ip ie n ts  w ith  e ith e r "a" haplotype (groups 
5 & 6) or "c" haplotype (groups 7 & 8) d is p a r it ie s .  In 
group 7, when 10^ c e lls  were in je c te d , the renal 
GVHR response was not s u f f ic ie n t  to  s ig n if ic a n t ly  ra ise  
the Ki/Kc ra t io ,  but i t  was c le a r ly  v is ib le  on 
h is to lo g ic a l examination.
From these experiments, i t  is  apparent th a t a class I 
d is p a r ity  is  not necessary, and is  not by i t s e l f  
s u f f ic ie n t ,  to  provoke the renal GVHR.
5 .6  In a b i l i ty  o f the host kidney to  provoke a renal GVHR
As demonstrated e a r lie r  (Table 5.1) whole body 
ir ra d ia t io n  o f FI re c ip ie n t animals p r io r  to  the 
subcapsular in je c tio n  o f parental LNC completely 
abrogated the loca l renal GVHR. Although the most 
s t r ik in g  e ffe c t o f th is  dose o f ir ra d ia t io n  is  on the 
c irc u la t in g  bone marrow derived c e lls  o f the re c ip ie n t, 
i t  may also re s u lt in a decrease in the c o n s titu tiv e  MHC 
class I I  antigen expression by both renal tu b u la r c e lls  
and in t e r s t i t ia l  d e n d rit ic  c e lls  in  the ra t kidney 
(Leszczynski, Renkonen & Hayry, 1985), and observations 
in  our own labora to ry have confirmed these fin d in g s . In 
order to  t r y  and exclude the p o s s ib i l i ty  th a t such a 
reduction in  renal MHC expression may have con tribu ted  to
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the abrogation o f the renal GVHR, recombinant ra t IFN-ff 
was administered in tra p e r ito n e a lly  to  FI re c ip ie n ts  d a ily  
fo r  6 days e ith e r  before or a fte r  ir ra d ia t io n .  This 
protocol has been evaluated in  our labora to ry  and shown 
to  produce a rap id  and marked increase in  the expression 
o f class I and class I I  MHC antigens in  many tissues o f 
the body, inc lud ing  the renal parenchyma, as demonstrated 
by widespread and intense immunoperoxidase la b e llin g  o f 
tissue  c ryos ta t sections w ith  monoclonal antibod ies 
d irec ted  against class I and class I I  MHC antigens. For 
example, by day 6, a l l  renal tubules stained s tro n g ly  
w ith  MRC 0X18, and renal vascular endothelium, which does 
not c o n s t itu t iv e ly  express class I I  antigens, showed 
strong s ta in in g  w ith  MRC 0X6.
However, as shown in  Table 5.4, despite widespread MHC 
antigen induc tion , th is  treatment fa i le d  to  res to re  the 
a b i l i t y  o f parental T c e lls  administered a fte r  
ir ra d ia t io n  to  provoke a detectable renal GVHR. Thus 
there appears to  be an absolute requirement fo r  the 
p a rt ic ip a tio n  o f a ra d io se ns itive  host c e ll in  the 
generation o f the renal GVHR.
In a series o f elegant experiments using bone marrow 
chimaeric animals, E lkins (1971) showed th a t the 
immunogenic stim ulus which provoked a renal GVHR resided 
in  the bone marrow derived c e lls  ra ther .than in  the 
kidney parenchyma. The bone marrow derived c e lls  
provided both the stim ulus (or ta rg e t) fo r  the response
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Table 5.4 A b ility  of Lewis T lymphocytes8 to mediate a renal GVHR
in (LEWxDA)Fl recipients
GROUP HOST IFN-tf GVH LESIONS/ Ki/Kc
IRRADIATION TREATMENT No. TESTED (median + range)
1) none none 4/4 1.32 (1 .2 -1 .4 3 )b
2) 10 Gy none 0/5 1.01 (0.95-1.11)
3) 10 Gy 106U/Kg/ 
days -6 to  0
0/4 0.93 (0.89-1.10)
4) . 10 Gy 106U/Kg/ 
days 0 to  6
0/4 1.03 (1 .0 -1 .11)
Table 5.4 1x10^ Lewis T lymphocytes were in jec ted  in to  the 
renal subcapsular s ite  o f (LewxDA)Fl re c ip ie n t ra ts . On day 7 , 
evidence o f a renal GVHR was sought by gross and h is to lo g ic a l 
examination o f the in jec ted  kidney. The response in  th is  group 
(group 1) was compared w ith  the response in  ir ra d ia te d  
re c ip ie n ts  (group 2 ), and w ith  ir ra d ia te d  rec ip ients- which had 
been trea ted  w ith  IFN-ff e ith e r before (group 3) or a fte r  (group
4) subcapsular in je c tio n .
a) 10’  T c e lls  (prepared from LNC by rose tte  depletion
w ith  MRC 0X12) were in jec ted  in to  le f t  renal subcapsular s ite .
b) Only group 1 showed a s ig n if ic a n t (p<0.02) increase in K i/Kc.
c) Recombinant ra t IFN-tf was given by d a ily  in tra p e rito n e a l 
in je c t io n ,re s u lt in g  in  a marked increase in  class I and class 
I I  MHC expression.
as well as a population o f e ffe c to r  c e lls .  The 
p o s s ib i l i ty  remained, however, th a t the s p e c if ic  
a llogene ic  stim ulus might be provided by the renal 
parenchyma alone i f  MHC antigens were expressed in  
s u f f ic ie n t  dens ity , while  the e ffe c to r population might 
be re c ru ite d  from the bone marrow derived c e lls .  To 
answer th is  question, ra d ia tio n  chimaeras were prepared, 
using another s tra in  combination, in which only FI renal 
parenchyma displayed a llogene ic MHC antigens necessary 
to  provoke a rea c tion , since the c irc u la t in g  bone marrow 
derived c e lls  were syngeneic w ith  the in je c te d  parental 
lymphocytes. As expected, none o f three DA(Lewis x DA)FI 
chimaeras given a renal subcapsular in je c tio n  o f 10^
DA LNC showed h is to lo g ic a l evidence, a t day 7, o f a renal 
GVHR (K i/Kc ra tio s  1.02, 1.04, and 1 .07). Furthermore,
three add itiona l chimaeric animals trea ted  w ith  IFN-ff fo r  
7 days a fte r  subcapsular LNC in je c tio n  also fa ile d  to  
show evidence o f a renal GVHR (K i/Kc ra t io s  0.90, 0.95 
and 1.04) despite marked induction o f class I I  MHC 
antigens on the renal tubu la r c e lls  and vascular 
endothelium. These experiments the re fo re  ind ica ted  th a t 
the renal parenchymal tissue  alone was incapable o f 
provoking a detectable response by the in je c te d  DA 
lymphocytes.
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5.7 The a b il ity  of g ra ft in f i lt r a t in g  ce lls  to mediate
GVH reactions
I t  is  c lea r th a t there are s im ila r it ie s  between the 
c e llu la r  events occurring in  the renal GVHR and those 
occurring in  unmodified ra t renal a llo g ra f t  re je c t io n , 
both o f which re s u lt in  extensive renal parenchymal 
damage associated w ith  mononuclear c e ll in f i l t r a t io n .  In 
a f in a l group o f experiments to  discover the exten t o f
th is  re la t io n s h ip , lymph node c e lls  and g ra ft  
i n f i l t r a t in g  mononuclear c e lls  were harvested on day 5 
from PVG re c ip ie n ts  re je c tin g  a DA renal a l lo g ra f t ,  and 
tested in  v ivo  fo r  th e ir  a b i l i t y  to  cause GVH reactions
both in  the renal subcapsular s ite  and in  the p o p lite a l
lymph node enlargement assay.
I n f i l t r a t in g  PVG mononuclear c e lls  were extracted  by 
mechanical d is ru p tio n  o f the kidney fo llow ed by Perco ll 
c e n tr ifu g a tio n . 10^ c e lls  were in jec ted  under the
kidney capsule o f two (DAxPVG)Fl re c ip ie n ts , but they 
fa ile d  to  induce renal GVH lesions th a t were detectable  
e ith e r m acroscopically or on h is to lo g ic a l examination on 
day 7, and the Ki/Kc ra tio s  were not ra ised (0.97 & 
0 .98).
Three graded doses o f g ra ft  i n f i l t r a t in g  c e lls  were 
in je c te d  in to  the.footpads o f (DAxPVG)Fl re c ip ie n ts , and 
were compared w ith  in jec ted  LNC from the same animals fo r  
th e ir  a b i l i t y  to  cause p o p lite a l lymph node enlargement
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Fig. 5 .5  A b il ity  o f g ra ft in f i l t r a t in g  c e lls  and LNC, 
harvested on day 5 from PVG recip ien ts  re jec tin g  a DA 
renal a l lo g ra ft ,  to cause p o p litea l lymph node 
enlargement in (DAxPVG)Fl hosts.
FI ra ts  received footpad in je c tio n s  o f graded doses o f 
c e lls ,  and p o p lite a l lymph node enlargement was 
assessed on day 7. Results are expressed as the log 
mean and s .d . o f 3 or 4 lymph node weights.
by day 7 a fte r  in je c t io n . The re su lts  in  Fig 5.5 show
th a t w hile  LNC were able to  cause s ig n if ic a n t p o p lite a l 
lymph node enlargement, in d ica tin g  an e f f ic ie n t  GVH 
response, g ra ft  in f i l t r a t in g  c e lls  had no e ffe c t .
These fin d in g s  suggest th a t there may be in s u f f ic ie n t  
c e lls  in  10^ g ra ft  in f i l t r a t in g  c e lls  to  cause g ra ft  
versus host rec tions  when trans fe rred  to  FI re c ip ie n ts , 
presumably because only a m in o rity  o f the c e lls  are o f 
the CD4 phenotype. This is  in keeping w ith  the re su lts  
o f the phenotypic study o f g ra ft  i n f i l t r a t in g  c e lls  
(chapter 3) which showed th a t only a small percentage o f 
the c e lls  were T lymphocytes. A lte rn a t iv e ly , the g ra ft  
in f i l t r a t in g  c e lls  may be f u l ly  d if fe re n t ia te d  as 
e ffe c to r  c e lls  and may be unable to  respond in  an 
appropria te manner to  ra ise  a GVH reaction  in  FI 
re c ip ie n ts .
4
5 .8  Discussion
The renal GVHR provides a c lea r demonstration o f the 
a b i l i t y  o f parental s tra inn  lymphocytes to  mediate 
extensive in  v ivo  tissue  damage in  sem iallogeneic 
kidneys-, w ith  patho log ica l appearances th a t are broadly 
s im ila r  to  those o f re je c tin g  renal a llo g ra f ts .  In the 
renal GVHR, un like  in  the ir ra d ia te d  g ra ft  re c ip ie n ts  in  
the preceeding chapter, i t  could be assumed w ith
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confidence th a t only the in je c te d  parental lymphocytes 
were able to  cause d ire c t a llo s p e c if ic  damage and th a t 
any c o n tr ib u tio n  from the host would comprise nonspecific  
c e lls  only (since there would be no a llo a n tig e n ic  
stim ulus to  a c tiva te  host lymphocytes in the parental 
s tra in  in to  the FI combination). I t  was the re fo re  o f 
p a r t ic u la r  in te re s t to  inves tiga te  the a b i l i t y  o f 
p u r if ie d  parental s tra in  lymphocytes to  cause renal 
damage in  th is  model. The fin d in g  th a t lymphocytes o f 
the CD4 phenotype alone were capable o f producing 
extensive parenchymal damage in FI re c ip ie n ts  is  in 
keeping w ith  the find in g s  o f Mason e t al (1984).
Support fo r  the view th a t CD4 class I I  reac tive  c e lls  
alone were able to  cause a renal GVHR was 
obtained from the experiments using recombinant ra ts  
d if fe r in g  a t iso la ted  MHC class I I  subregions. I t  was 
shown th a t an iso la ted  class I I  MHC d is p a r ity  between the 
parental lymphocytes and FI re c ip ie n t was s u f f ic ie n t  to  
provoke a strong renal GVHR. This f in d in g  is  cons is ten t 
w ith  the re su lts  obtained from other assays o f GVH 
re a c t iv ity  in  the ra t such as the p o p lite a l lymph node 
enlargement assay which suggest th a t class I I  MHC 
antigens are the p rin c ip a l s tim u la tin g  antigens in  GVH 
reactions (Butcher, Licence & Roser, 1981).
The fa i lu re  o f CD4 lymphocytes to  mediate a renal GVHR 
in  heav ily  ir ra d ia te d  re c ip ie n ts , together w ith  the 
chimaera experiments reported by E lk ins (1971), suggests
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th a t the renal GVHR is  in i t ia te d  by parental CD4
lymphocytes recognising and responding to  class I I  MHC 
a lloan tigens expressed on host bone marrow derived c e lls .  
In te re s tin g ly , the s tim u la to ry  fu nc tion  o f these bone 
marrow derived c e lls  could not be replaced by
upregulating class I I  MHC a lloan tigen  expression by the
vascular endothelium and renal tubu la r c e lls  in the 
cortex o f the kidney subjacent to  the in jec ted  
lymphocytes, in e ith e r the ir ra d ia te d  re c ip ie n ts  or the 
chimaeric animals. Thus there is  an absolute requirement 
fo r  the a llogene ic stim ulus to  be present on re c ip ie n t 
bone marrow derived c e lls ,  and w hile  the precise nature 
o f th is  rad iose n s itive  c e ll was not determined, a l ik e ly  
candidate would be the s trong ly  class I I  p o s it iv e  
in t e r s t i t ia l  d e n d r it ic  c e l l .  In th is  respect, a p a ra lle l 
can be drawn between the renal GVHR and renal a llo g ra f t  
re je c tio n , since the importance o f in t e r s t i t ia l  d e n d r it ic  
c e lls  in  g ra ft  re je c t io n , and the improved g ra f t  su rv iva l 
achieved by reducing th e ir  numbers was demonstrated in  
chapter 3.
The ra t CD4 lymphocyte is  known to  be the T c e ll 
subpopulation which p ro life ra te s  s tro n g ly  in  the mixed 
lymphocyte reaction  (Mason, A rthu r, Dallman e t a l , 1983) 
and which, in  v iv o , is  responsible fo r  causing a 
p o s it iv e  response in  the p o p lite a l lymph node 
enlargement assay (White, Mason, W illiam s e t a l , 1978) as 
well as causing le th a l GVH disease when in je c te d  in to
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ir ra d ia te d  re c ip ie n ts  (Mason, 1981). However, the 
a b i l i t y  o f CD4 c e lls  to cause kidney damage in  the loca l 
renal GVHR (and other te s ts  o f GVH re a c t iv ity )  contrasts 
w ith  the in a b i l i t y  o f adop tive ly  tran s fe rred  CD4 c e lls  
to  cause renal a llo g ra f t  re je c tio n  in  acu te ly ir ra d ia te d  
hosts in  the preceeding chapter.
Although there are several possible explanations fo r  
th is  paradoxical f in d in g , one p o s s ib i l i ty  is  th a t the CD4 
lymphocytes mediate th e ir  de s tru c tive  e ffe c ts  ( in  the 
absence o f CD8 lymphocytes) through the presence o f 
nonspecific  e ffe c to r c e lls  which, in  the ir ra d ia te d  
a l lo g ra f t  re c ip ie n ts , may have been a ffec ted  by the 8.5 
Gy ir ra d ia t io n  dose. This exp lanation, however, is  
d i f f i c u l t  to  reconcile  w ith  other reports in  the 
l i te ra tu re  which have shown th a t CD4 c e lls  alone can 
mediate a llo g ra f t  re je c tio n  in  acu te ly  ir ra d ia te d  hosts 
(see Appendix A).
There is  convincing evidence from the re s u lts  o f in 
v i t r o  te s ts  described in th is  chapter th a t the CD4 
subpopulation mediates tissue  damage in  the renal GVHR by 
lymphokine release and recru itm ent o f nonspecific  
e ffe c to rs  such as macrophages and NK c e lls ,  ra the r than 
by class I I  re s tr ic te d  s p e c if ic  T c e ll ly s is ,  since 
damage occurred in  the absence o f detectable s p e c if ic  T 
c e ll ly s is  by mononuclear c e lls  harvested from CD4 
induced renal GVH les ions.
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Parental lymphocytes o f the CD8 phenotype, even when 
obtained from s p e c if ic a lly  sens itised  animals, were 
unable, by themselves, to  cause a renal GVHR in  FI 
re c ip ie n ts . Since evidence fo r  the presence o f a renal 
GVHR was sought only on day 7 a fte r  induc tion , the 
p o s s ib i l i ty  th a t CD8 c e lls  are able to  mediate the 
response, but more s low ly, cannot be excluded. However, 
th is  is  u n lik e ly  in  view of the in a b i l i t y  o f CD8 c e lls  
from s p e c if ic a l ly  sens itised  donors to  cause a renal 
GVHR.
Rat CD8 c e lls  have been reported to  be unable to 
produce a p o s it iv e  response in  the p o p lite a l lymph node 
enlargement assay (White e t a l , 1978) and ye t they are
able to  cause le th a l GVH disease in  ir ra d ia te d  ra ts , 
a lb e it  less e f fe c t iv e ly  than CD4 lymphocytes (Mason, 
1981). In a d d itio n , cloned, s p e c if ic a lly  sens itised  
cy to to x ic  CD8 lymphocytes are able to  cause tissue  damage 
when in je c te d  in trade rm a lly  (T y le r, Gal 1i , Snider e t a l , 
1984) and are able to  restore class I incom patible skin 
a llo g ra f t  re je c tio n  in  mice (Rosenberg e t a l , 1986), 
w hile  Sprent e t al have demonstrated the a b i l i t y  o f CD8 
c e lls  alone, to  mediate le th a l GVH disease in  class I 
d isparate ir ra d ia te d  mice (Sprent, Schaefer, Gao e t a l , 
1988). Thus there is  evidence th a t CD8 c e lls  alone are 
able to  d ire c t ly  mediate tissue  damage under ce rta in  
cond itions , although they are not, a t le a s t in  the ra t
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s tra in  combinations tes ted , able to  cause a renal GVHR 
nor, as shown in chapter 4, are they able to  resto re  
renal a llo g ra f t  re je c tio n  in acu te ly ir ra d ia te d  ra ts .
The f in d in g  th a t an iso la ted  class I MHC d is p a r ity  was 
in s u f f ic ie n t  to  provoke a renal GVHR is  consis ten t w ith  
the suggestion th a t CD8 c e lls  do not play a s ig n if ic a n t 
ro le  in  the renal GVHR. However, caution is  required in 
in te rp re tin g  the in a b i l i t y  o f an iso la ted  class I 
d is p a r ity  reported in  th is  chapter to  provoke a renal 
GVHR, since the PVG (RT1C) ra t is  a "low responder" 
to  the iso la te d  Aa class I antigen o f the PVGrl ra t  
and v ice  versa (Butcher e t a l , 1982). This was also
h igh ligh ted  in  chapter 3 when i t  was shown th a t renal 
a llo g ra f ts  w ith  an iso la ted  Aa d is p a r ity  were not 
re jec ted .
In summary, th is  chapter has demonstrated th a t in  an 
appropria te  ra t model, the renal GVHR, CD4 lymphocytes 
may cause extensive renal parenchymal damage by a DTH 
type rea c tion . Whether or not a s im ila r  type o f e ffe c to r  
mechanism operates to  cause re je c tio n  o f a renal 
a llo g ra f t  must remain la rg e ly  specula tive  because o f the 
obvious fundamental d iffe rences between the two models.
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CHAPTER SIX
CELLULAR MECHANISMS OF RENAL 
ALLOGRAFT REJECTION IN THE 
ATHYMIC PVG-RNU/RNU RAT
6.1 Introduction
The problems associated w ith  the use o f acu te ly 
ir ra d ia te d  animals as a llo g ra f t  re c ip ie n ts  in  adoptive 
tra n s fe r s tud ies have been ou tlined  in  chapter 4. In 
p a r t ic u la r ,  the d i f f i c u l t y  o f completely e lim ina tin g  T 
c e lls  and precursors, and the incom plete ly understood 
e ffe c ts  o f ir ra d ia t io n  on p la te le ts  and other bone marrow 
derived c e lls  involved in  the re je c tio n  response, 
together emphasise the poorly defined nature o f th is  
experimental model.
In th is  chapter, the a b i l i t y  o f adop tive ly  trans fe rred  
T lymphocyte subpopulations to  mediate renal a llo g ra f t  
re je c tio n  in  congen ita lly  athymic PVG-rnu/rnu ra ts  was 
inves tiga ted . I t  has long been appreciated th a t mutant 
mice carry ing  the nu gene, re s u lt in g  in  congenital 
absence o f the thymus gland and associated ha irlessness, 
have absent T c e ll immunity. As such, they are unable to  
re je c t e ith e r a llo g ra f ts  or xenografts. The development, 
by backcrossing, o f inbred s tra in s  o f athymic mice w ith  
defined MHC antigens enabled experiments to  be performed 
in  which the a b i l i t y  o f adoptive ly trans fe rred  T c e ll 
subpopulations to  restore skin g ra ft  re je c tio n  was 
examined. In con trast w ith  acute ly ir ra d ia te d  animals, 
athymic rodents have in ta c t non-thym ica lly  processed bone 
marrow derived c e lls  inc lud ing  p la te le ts , macrophages, NK 
c e lls  and B lymphocytes. However, i t  is  essentia l to
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appreciate th a t they also possess c e lls  w ith  the apparent 
id e n t ity  o f T cy to to x ic  precursor (Tcp) c e lls ,  as shown 
by several groups (G il l  is ,  Union, Baker e t a l , 1979; 
Hunig & Bevan, 1980), although there is  a lack o f 
consensus regarding th e ir  func tiona l id e n t ity  w ith  Tcp.
More re ce n tly , the Rnu gene in  ra ts  has been
backcrossed onto inbred lin e s  w ith  defined MHC antigens. 
Adoptive tra n s fe r experiments in both mice and ra ts  have 
demonstrated th a t skin a llo g ra f t  re je c tio n  may occur in  
athymic re c ip ie n ts  which have received an intravenous 
inoculum o f T c e lls  prepared from syngeneic but euthymic 
donors (Rosenberg, M izuochi, Sharrow e t a l , 1987; B e ll,
Sparshott, Drayson e t a l , 1987). The athymic ra t ,
because o f i t s  s ize , now provides a model in  which i t  is
possib le  to  inves tiga te  the T c e ll requirements fo r  
re je c tio n  o f a p r im a r ily  vascularised organ g ra f t ,  such 
as the kidney, as described in  th is  chapter.
C ongenita lly athymic animals tend to  be h e a lth ie r and 
p h y s io lo g ic a lly  more normal than ir ra d ia te d  animals. 
Furthermore, w ith  in ta c t bone marrow derived c e lls ,  i t  is  
l ik e ly  th a t the tra n s fe r o f T c e lls  to  resto re  a llo g ra f t  
re je c tio n  w i l l  induce the recru itm ent o f nonspecific  
inflammatory c e lls  in  a normal manner.
A fu r th e r  important advantage in  the use o f the PVG 
rnu/rnu ra t as host in  adoptive tra n s fe r experiments l ie s  
in  the observation th a t nude ra ts  have patte rns o f 
na tura l c y to to x ic ity  or a llogene ic  lymphocyte
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c y to to x ic ity  (ALC) th a t are not d is s im ila r  to  those o f 
normal ra ts , except th a t th e ir  ALC response is  even more 
e f f ic ie n t  than th a t o f euthymic PVG ra ts  (Rolstad & Ford, 
1983).. While the re c irc u la tio n  patterns o f a llogene ic  
and syngeneic lymphocytes in normal animals w ith  a f u l l  
complement o f T c e lls  cannot be t r u ly  compared w ith  
re c irc u la t io n  patterns seen in nude ra ts , i t  has been 
observed th a t syngeneic c e lls  in  nude ra ts  appear to  
behave norm ally. By con tras t, syngeneic c e lls  in je c ted  
in to  ir ra d ia te d  ra ts  have very d isturbed m igration 
patte rns (McNeilage & Heslop, 1983).
The re s u lts  o f the adoptive tra n s fe r experiments 
performed in  th is  chapter w i l l  be discussed w ith  
reference to  these c h a ra c te r is tic s  o f athymic animals.
6 .2  A b il ity  o f adoptively transferred  LNC to  restore  
renal a l lo g ra ft  re jec tio n  in athymic PVG-rnu/rnu ra ts
In the fo llo w in g  experiments, PVG-rnu/rnu ra ts  were 
transp lanted w ith  a f u l ly  a llogene ic DA s tra in  kidney and 
then immediately reconstitu ted  w ith  an intravenous 
inoculum o f lymphocytes (or lymphocyte subpopulations) 
prepared from pooled ce rv ica l and mesenteric lymph nodes 
o f syngeneic but euthymic PVG donors. C on tra la te ra l 
nephrectomy was performed on day 7 a fte r  tra n sp la n ta tio n , 
and the func tion  o f the g ra ft  was monitored by observing
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re c ip ie n t su rv iva l time and by measuring serum urea and 
c re a tin in e  leve ls  in  s e ria l blood samples. A ll animals 
were housed in  an laminar flow  is o la to r  to  minimise the 
r is k  o f l ife - th re a te n in g  in fe c tio n s  and th is  appeared to  
be very e ffe c t iv e  since deaths from in fe c tio n  were ra re , 
w hile  those th a t did occurr were almost e xc lu s ive ly  in  
non-reconstitu ted  animals (see below).
As expected, PVG-rnu/rnu ra ts  were unable to  re je c t DA 
renal a llo g ra f ts  (Table 6 .1 ). Two o f the fou r non­
recons titu ted  renal a llo g ra f t  re c ip ie n ts  survived u n t i l  
s a c r if ic e  a t more than 100 days, w ith  normal serum urea 
and c re a tin in e  leve ls  throughout. The other two animals
developed severe wasting from approximately day 65 
onwards and were s a c r if ic e d  on days 75 and 79. Their 
urea and c rea tin in e  leve ls  showed a modest r is e  during 
the few days before s a c r if ic e  but th is  was thought to  be 
due to  illn e s s  and dehydration ra the r than g ra ft  
re je c t io n . G rafts removed from a ll  fou r animals a t 
s a c r if ic e  appeared completely healthy and showed no 
h is to lo g ic a l evidence o f re je c tio n .
Athymic PVG ra ts  were re a d ily  induced to re je c t th e ir  
g ra fts  by in je c tio n  o f PVG LNC (Table 6 .1 ). 
R econstitu tion  o f renal a llo g ra f t  re c ip ie n ts  w ith  an 
inoculum o f 5x10^ unseparated LNC immediately a fte r  
tra n sp la n ta tio n  caused rap id g ra ft  re je c tio n  (median 
su rv iva l time 10 days; markedly elevated day 9 serum 
urea and c re a tin in e ). Kidneys removed from these animals
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Table 6 .1 . A b ility  of adoptively transferred LNC to restore DA
renal a llo g ra ft rejection in PVG-rnu/rnu recipients
LNC SURVIVAL MST SERUM UREA (mM/L; median + range)
INOCULUM (days) (days) d9 dl4
none 75, 79, 92 11 (9-14) 9 (5-10)
>100,>100
5xl07 9,10,15 10 80 (58-97) 61 (1 ra t )
Table 6.1 PVG-rnu/rnu ra ts  received a DA renal a l lo g ra f t  and 
were immediately recons titu ted  w ith  an intravenous inoculum o f 
syngeneic PVG LNC. C on tra la te ra l nephrectomy was performed on 
day 7 a fte r  tra n sp la n ta tio n , and g ra f t  re je c tio n  was monitored 
by observing re c ip ie n t su rv iva l time and by measuring serum 
urea leve ls  in  s e r ia l blood samples.
a t the time o f death were grossly swollen and 
d isco loured, and on h is to lo g ic a l examination showed 
severe re je c t io n . The tempo o f g ra f t  re je c tio n  in 
PVG-rnu/rnu re c ip ie n ts  reconstitu ted  w ith  th is  dose o f 
LNC was comparable to  th a t seen p rev ious ly  in  unmodified 
PVG re c ip ie n ts  o f a DA renal a llo g ra f t  (Chapter 3 ).
6.3  A b il ity  o f depleted LNC subpopulations to restore  
renal a l lo g ra ft  re jection  in PVG-rnu/rnu recip ien ts
In th is  se ries o f experiments, PVG-rnu/rnu re c ip ie n ts  
o f DA renal a llo g ra f ts  were in jec ted  w ith  an intravenous 
inoculum o f separated LNC subpopulations to  examine th e ir  
a b i l i t y  to  resto re  re je c tio n . Lymphocyte subpopulations 
were nega tive ly  selected by rose tte  deple tion in  the same 
way th a t they were prepared fo r  re c o n s titu tin g  acute ly 
ir ra d ia te d  g ra ft  rec ip ie n ts  (chapter 4 ). On each 
occasion, the p u r ity  o f the selected population was 
checked by immunoperoxidase s ta in in g  o f cy tocen trifuge  
s lid e  preparations o f the c e lls ,  and the leve l o f 
contamination by unwanted c e ll types was always found to  
be under 0.5%.
The re s u lts  o f adoptive ly tra n s fe rr in g  d if fe re n t doses 
o f e ith e r  CD4 or CD8 lymphocytes to  a llo g ra f t  re c ip ie n ts  
is  shown in  Table 6.2. In je c tio n  o f 10^ CD4 
lymphocytes fa ile d  to co ns is ten tly  resto re  g ra ft
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Table 6 .2 . A b ility  of depleted LNC subpopulations to restore DA
renal a llo g ra ft rejection in PVG-rnu/rnu recipients
CELLS TRANSFERRED N SURVIVAL MST DAY 9 UREA (mM/L)
(N. & phenotype) (days) (days) (median & range)
lx lO 7 CD4 7 9,10,83,>100 >100 16 (9-83)
>100,>100,>100
2 .5 x l0 7 CD4 3 9 ,10 ,13 10 68 (59-88)
5xl07 CD4 5 9 ,10 ,10 ,11 ,21  10 25 (21-78)
lxlO 7 CD8 4 60,76, 99 8 (6 -9 )
>100,>100
2 .6 x l0 7 CD8 2 >100,>100 >100 10 (8 -11)
7x10® CD4 + 7 9 ,9 ,9 ,9 ,1 2 , 9 60 (18-106)
3x10® CD8 13,23
Table 6.2 PVG-rnu/rnu ra ts  received a DA renal a llo g ra f t  and 
were immediately reconstitu ted  w ith an intravenous inoculum o f 
syngeneic PVG LNC subpopulations, which were nega tive ly  
selected by rose tte  dep le tion . C on tra la te ra l nephrectomy was 
performed on day 7 a fte r  tra n sp la n ta tio n , and g ra ft  re je c tio n  
was monitored by observing re c ip ie n t su rv iva l time and by 
measuring serum urea leve ls  in  s e r ia l blood samples.
re je c tio n  (MST >100 days) but increasing the number o f 
CD4 c e lls  administered to  2.5x10^ or more caused 
rap id  g ra f t  re je c tio n  in a l l  animals (MST 10 days; 
markedly elevated day 9 serum urea).
Adoptive tra n s fe r o f CD8 lymphocytes, however, fa i le d  
to  resto re  g ra ft  re je c tio n . I t  can be seen from Table
6.2 th a t the number o f CD8 c e lls  tran s fe rred  was not as 
great as the h ighest number o f CD4 c e lls  tra n s fe rre d . I t  
was d i f f i c u l t  to  obtain very large numbers o f h igh ly  
p u r if ie d  CD8 lymphocytes because they represent a 
re la t iv e ly  sm aller p roportion o f the LNC (<20%). 
However, because they represent a sm aller p roportion  o f 
LNC than the CD4 lymphocytes, i t  was considered 
appropriate to  tra n s fe r an equiva lent number o f CD8 
lymphocytes. Thus, since LNC comprise approximately 50% 
CD4 c e lls  and 20% CD8 c e lls ,  tra n s fe rr in g  10^ CD8 
c e lls  was equiva lent to  tra n s fe rr in g  2.5x10^ CD4 
c e lls  which, as described, was s u f f ic ie n t  to  cause renal 
a llo g ra f t  re je c tio n .
The re s u lts  o f adoptive tra n s fe r experiments in  acu te ly  
ir ra d ia te d  a llo g ra f t  re c ip ie n ts  described in  Chapter 4 
raised the p o s s ib i l i ty  th a t the tra n s fe r o f CD4 and CD8 
lymphocytes together was more e ffe c t iv e  than tra n s fe r o f 
e ith e r  subpopulation alone. Evidence fo r  such an e ffe c t 
in  the present experiments was sought by tra n s fe rr in g  a 
m ixture o f negative ly  selected lymphocyte subpopulations 
to  PVG-rnu/rnu re c ip ie n ts  o f DA renal a llo g ra f ts .
196
Since 107 naive CD4 lymphocytes were unable to 
co n s is te n tly  resto re  g ra f t  re je c tio n  (Table 6 .2 ), the 
same number o f mixed negative ly  selected c e lls  
(comprising 70% CD4 and 30% CD8 c e lls )  was tes ted . There 
did appear to  be a syn e rg is tic  e ffe c t when tra n s fe rr in g  
the combined subpopulations, since re c ip ie n t su rv iva l 
times were reduced. The ind iv idu a l su rv iva l times in 
seven animals were 9 ,9 ,9 ,9 ,12 ,13  and 23 days (MST 9 days) 
which is  s ig n if ic a n t ly  less (p<0.05) than the su rv iva l o f 
animals reconstitu ted  w ith  107 CD4 c e lls  alone.
6.4  A b il ity  o f s p e c if ic a lly  sensitised LNC subpopulations 
to restore renal a l lo g ra ft  re jec tio n  in PVG-rnu/rnu ra ts
The fo llo w in g  experiments examined the a b i l i t y  o f 
adop tive ly  tra n s fe rre d , s p e c if ic a lly  sens itised  
lymphocyte subpopulations to  resto re  g ra ft  re je c tio n . 
PVG lymph node donors were sens itised  by two consecutive 
DA skin  g ra fts , and were used approximately one month 
a fte r  the second g ra ft  had re jec ted . The re su lts  are 
shown in Table 6.3 . Whereas 107 naive CD4 
lymphocytes did not con s is ten tly  cause re je c t io n , the 
same number o f s p e c if ic a lly  sens itised  CD4 c e lls  restored 
re je c tio n  w ith  a f i r s t  set tempo (median su rv iva l time 9 
days and high day 9 serum urea le v e ls ) . Furthermore, 
reducing the number o f sensitised  CD4 c e lls  to  2x10®
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Table 6 .3 . A b ility  of spec ifica lly  sesitised lymphocyte subpopulations to
restore renal a llo g ra ft rejection in PVG-rnu/rnu recipients
CELLS TRANSFERRED N SURVIVAL MST DAY 9 UREA (mM/L)
(N. & phenotype) (days) (days) (median & range)
1x10? sCD4 3 8 ,9 ,9  9 75 (72-77)a
2x10® sCD4 4 9 ,10 ,10 ,11  10 79 (77-87)a
1 .3x l07 sCD8 2 >100,>100b >100 14 (11-17)
1 .4x l07 sCD8 2 >100,>100b >100 14 (12-16)
Table 6.3 PVG-rnu/rnu ra ts  received a DA renal a llo g ra f t  and 
were immediately reconstitu ted  w ith  an intravenous inoculum o f 
s p e c if ic a l ly  sens itised  syngeneic PVG LNC subpopulations. 
Sensitised LNC donors had prev ious ly  re jected  two sequential DA 
skin  g ra fts , and LNC subpopulations were nega tive ly  selected by 
rose tte  dep le tion . C ontra la te ra l nephrectomy was performed, on 
day 7 a fte r  tra n sp la n ta tio n , and g ra ft  re je c tio n  was monitored 
by observing re c ip ie n t su rv iva l time and by measuring serum 
urea leve ls  in  s e r ia l blood samples.
a) One ra t died w ith  no blood urea measurement.
b) Animals were s a c r if ic e d  w ith  normal g ra ft  func tion  
(median serum urea 9, range 6-20 mM/L a t death).
s t i l l  resu lted  in f i r s t  set g ra ft  re je c tio n  (MST 10 
days). In con tras t, the tra n s fe r o f r e la t iv e ly  large 
numbers o f s p e c if ic a lly  sens itised  CD8 lymphocytes 
(1.4x10^) was in e ffe c tiv e  a t re s to ring  g ra ft  
re je c tio n .
6 .5  A b il ity  o f MRC 0X22 depleted CD4 c e lls  to restore  
renal a llo g ra ft  re jec tio n  in PVG-rnu/rnu rec ip ien ts
In a f in a l series o f adoptive tra n s fe r experiments, 
PVG-rnu/rnu re c ip ie n ts  o f DA renal a llo g ra f ts  were 
reconstitu ted  w ith  an intravenous inoculum o f CD4 
lymphocytes th a t had been a d d it io n a lly  depleted o f c e lls  
bearing the MRC 0X22+ phenotype. MRC 0X22 reacts 
w ith  the high molecular weight form o f the ra t  leukocyte- 
common antigen and labe ls  B c e lls  and CD8 . lymphocytes 
in  tho rac ic  duct lymphocyte populations, but labe ls  
only two th ird s  o f the CD4 lymphocyte subset (S p icke tt, 
Brandon, Mason e t a l , 1983). Functional stud ies have
shown th a t MRC 0X22 s p li ts  the CD4 lymphocyte 
subpopulation according to  whether they are able to  
mediate GVH re a c t iv ity ,  as detected by the p o p lite a l 
lymph node enlargement assay (p o s it iv e ly  la b e lle d ) , or 
whether they provide T help fo r  antibody responses by B 
c e lls  (un labe lled by MRC 0X22). Since i t  is  w idely 
accepted th a t a lloa n tibod ies  are present in  animals
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re je c tin g  renal a llo g ra f ts  but are not genera lly  thought 
to  play a c ru c ia l ro le  in re je c t io n , i t  might be expected 
th a t the adoptive tra n s fe r o f CD4 c e lls  depleted o f the 
population responsible fo r  c e llu la r  responses such as 
GVH re a c t iv ity  would be unable to  resto re  g ra ft  
re je c t io n . However, the re su lts  showed th a t tra n s fe rr in g  
3x10^ MRC 0X22 depleted CD4 lymphocytes restored the 
re je c tio n  response in three o f the fou r animals tested . 
Three ra ts  died on day 9 w ith  a median day 9 serum urea 
o f 77 mM/L (range 70-81 mM/L), whereas the remaining ra t 
had a ra ised serum urea a t day 9 (35 mM/L) which q u ick ly
returned to  normal and the animal was s a c r if ic e d  on day 
123 w ith  an apparently normal kidney.
6 .6  Imnunohistological examination o f DA renal a llo g ra fts  
in non-reconstituted and in reconstituted PVG-rnu/rnu 
rec ip ien ts
N on-re jecting DA renal a llo g ra fts  were excised, on day 
7, from non-reconstitu ted PVG-rnu/rnu re c ip ie n ts  and were 
compared w ith  re je c tin g  renal a llo g ra fts  obtained, a t day 
7, from PVG-rnu/rnu re c ip ie n ts  recons titu ted  w ith  
e ith e r 5x10^ LNC or 5x10^ CD4-positive PVG LNC.
A small po rtion  o f the g ra ft  was immediately embedded in 
Tissue-Tek and frozen in  l iq u id  n itrogen fo r  
immunohistological s tud ies, while  the remainder o f the
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kidney (and the spleen) were used to  inve s tig a te  the 
a b i l i t y  o f g ra ft in f i l t r a t in g  c e lls  and splenocytes to  
lyse a range o f ta rg e t c e lls  in  in  v i t r o  fun c tion a l 
assays.
Cryostat sections (5 fj th ic k )  were lab e lle d  w ith  a 
range o f mouse monoclonal antibodies to  ra t  leukocyte 
subpopulations and MHC antigens using an in d ire c t 
immunoperoxidase s ta in in g  technique. With l ig h t  
microscopy, the percentage area o f each section th a t was 
in f i l t r a te d  by leukocytes o f a p a r t ic u la r  phenotype was 
determined by morphometric analysis using a standard 
p o in t counting technique.
6 .6 .1  Magnitude and phenotype o f mononuclear c e ll 
in f i l t r a t io n
N on-re jecting renal a llo g ra fts  obtained, a t day 7, from 
PVG-rnu/rnu re c ip ie n ts  which had not been recons titu ted  
w ith  lymphocytes showed a m ild c e llu la r  in f i l t r a t e  
(median area in f i l t r a t e  11%) when lab e lle d  w ith  MRC 0X1 
(against the leukocyte common an tigen )(F ig  6 .1 ). In 
co n tras t, re je c tin g  renal a llo g ra fts  from re c ip ie n ts  
re co ns titu ted  w ith  unseparated LNC or p u r if ie d  CD4 
lymphocytes showed a heavier c e llu la r  i n f i l t r a t e  (26% 
and 25% median area in f i l t r a t e  re sp e c tive ly ) when 
lab e lle d  w ith  MRC 0X1 (see Figs 6.1 & 6 .2 ).
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Fig . 6 .1  Comparison of leukocyte in f i l t r a t io n  o f a DA 
renal a l lo g ra ft  in a PVG-rnu/rnu re c ip ie n t, e ith e r non- 
reconstituted (a) or reconstituted w ith PVG LNC (b ) ,  on 
day 7 a f te r  transp lan tation .
C ryostat sections o f the g ra fts  were s ta ined, by 
immunoperoxidase, w ith  MRC 0X1 ( ra t  leukocytes). (x l60)
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Fig . 6 .2  Morphometric analysis of c e llu la r  in f i l t r a t e  
in DA renal a llo g ra fts  transplanted in to  unmodified or 
CD4-reconstituted PVG-rnu/rnu rec ip ien ts .
G rafts were removed on day 7 a fte r  tra n sp la n ta tio n  and 
c ryos ta t sections were stained by immunoperoxidase w ith  
the leukocyte common antibody, MRC 0X1 and a MAb 
detecting  tissue  macrophages, EDI. Results are
expressed as the median % area in f i l t r a t e  and range o f 
fou r g ra fts  in  each group.
In nonre jecting g ra fts , the m a jo rity  o f in f i l t r a t in g  
c e lls  appeared to  be macrophages since they were 
lab e lle d  w ith  the antibodies W3/25 (which labe ls  CD4 
lymphocytes and activa ted  macrophages) and EDI (which 
labe ls most tissue  macrophages and d e n d r it ic  c e l ls ) ,  but 
showed very l i t t l e  s ta in ing  w ith  the T c e ll antibody 
MRC 0X19. Labe lling  w ith  MRC 0X8 showed th a t there 
were very few CD8 lymphocytes and NK c e lls  present, and 
no activa ted  c e lls  as detected by the antibody MRC 0X39 
raised against the IL2 receptor. In co n tra s t, 
re je c tin g  g ra fts  in LNC recons titu te d  and CD4 c e ll 
recons titu te d  animals showed almost id e n tic a l patterns 
o f c e llu la r  in f i l t r a t io n .  There were large numbers o f 
macrophages as shown by la b e llin g  w ith  EDI
(approxim ately 15-17% area in f i l t r a t e ,  Fig 6 .2 ). There 
were few MRC 0X19 p o s itive  T c e lls  (median area 
in f i l t r a t e  2%), but around 6-8% o f the sectiona l area 
was occupied by MRC 0X8-positive c e lls  (presumably 
mostly NK c e lls )  and around 10% by W 3/25-positive c e lls  
which were presumably mostly macrophages (Fig 6 .3 ). 
I n f i l t r a t in g  c e lls  in re je c tin g  g ra fts  showed only a 
s l ig h t  increase in the expression o f detectable IL2 
receptor (shown by MRC 0X39 la b e llin g ) .
Taken together these re su lts  suggest th a t in  sp ite  o f 
the requirement fo r  the adoptive tra n s fe r o f
immunocompetent lymphocytes to  resto re  the g ra ft
re je c tio n  response in  athymic animals, the m a jo rity  o f
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F ig . 6 .3  Morphometric analysis of c e llu la r  in f i l t r a t e  
in DA renal a llo g ra fts  transplanted in to  unmodified or 
CD4-reconstituted PVG-rnu/rnu rec ip ien ts .
G rafts were removed on day 7 a fte r  tra n sp la n ta tio n  and 
c ryo s ta t sections were stained by immunoperoxidase w ith  
MAbs d irec ted  against leukocyte subpopulations. 
Results are expressed as the median % area in f i l t r a t e  
and range o f fou r g ra fts  in  each group.
the c e llu la r  in f i l t r a t e  is  composed o f nonspecific  
inflammatory c e lls  such as macrophages and NK c e lls .  
Sections were also lab e lle d  w ith  MRC 0X12 (which labe ls  
Ig kappa chain on B c e lls )  but in a l l  g ra fts  examined, 
la b e llin g  o f tissue  bound antibody masked the s ta in in g  
o f B c e lls .  The presence o f large amounts o f tissue  bound 
antibody w ith in  the g ra fts  o f non-reconstitu ted  animals 
was su rp ris in g  since the animals would not be expected 
to  be able to  mount a s p e c if ic  a lloan tibody  response in  
the absence o f T help.
6 .6 .2  MHC antigen expression in DA renal a llo g ra fts
Cryostat sections were sta ined, by in d ire c t immuno­
peroxidase, w ith  antibodies d irected  against the 
monomorphic and polymorphic determinants o f MHC class I 
antigens (MRC 0X18 and MN4-91-6 respec tive ly ) and against* 
the monomorphic and polymorphic determinants o f MHC class 
I I  antigens (MRC 0X6 and F17-23-2 re s p e c tiv e ly ).
N on-re jecting renal a llo g ra fts  from unreconstitu ted  
animals showed moderate, but va riab le  induction  o f class 
I and class I I  antigens on c o r t ic a l tubules and 
occasional class I I  induction on renal vascular 
endothelium (Fig 6 .4 ).
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Rejecting grafts in animals restored with CD4
lymphocytes also demonstrated moderate induction  o f both 
class I and class I I  MHC antigens on c o r tic a l tubules and 
also occasional induction  o f class I I  MHC antigens on 
Bowman's capsule and on a r te r io la r  vascular endothelium.
Rejecting g ra fts  in  animals restored w ith  unseparated 
LNC demonstrated heavy induction  o f both class I and 
class I I  MHC antigens, often w ith  strong class I I  
expression on vascular endothelium and Bowman's capsule 
(Fig 6 .4 ). Again, the c e llu la r  i n f i l t r a t e  comprised
large numbers o f MRC 0X6 p o s it iv e , polymorphic antibody
negative host leukocytes, together w ith  a few c lu s te rs  o f 
c e lls  lab e lle d  w ith  the donor s p e c if ic  an tibod ies . Thus 
much o f the induction  o f MHC antigens in  these animals 
was apparently c lose ly  associated w ith  the c e llu la r
in f i l t r a t io n  o f the g ra ft re s u lt in g  from adoptive 
tra n s fe r o f immunocompetent lymphocytes.
203
Fig . 6 .4  Comparison of MHC antigen expression on DA 
renal a llo g ra fts  in PVG-rnu/rnu recip ien ts  which were 
e ith e r  not reconstituted (a & b) or reconstituted with  
PVG LNC (c & d ).
Cryostat sections o f day 7 g ra fts  were sta ined , by 
immunoperoxidase, w ith  MN4-91-6 detecting DA but not 
PVG MHC class I antigens (a & c ), and w ith  F17-23-2
detecting  DA but not PVG MHC class I I  antigens (b & d ). 
(A ll xlOO).


6.7  In v itro  cytotoxic a c t iv ity  of e ffe c to r c e lls  from 
PVG-rnu/rnu rats
6 .7 .1  In v itro  cytotoxic a c t iv ity  o f splenocytes from 
unmodified PVG-rnu/rnu rats
The demonstration th a t adoptive ly  tra n s fe rre d  CD4 
lymphocytes restored the a b i l i t y  o f athymic ra ts  to  
re je c t a renal a llo g ra f t  promoted an in v e s tig a tio n  in to  
the cy to to x ic  re p e rto ire  o f spleen c e lls  and g ra ft  
in f i l t r a t in g  c e lls  from these animals.
In th is  section , the re fo re , experiments were performed 
to  assess the a b i l i t y  o f such e ffe c to r c e lls  to  lyse both 
a llo s p e c if ic  and nonspecific ta rge ts  in  in  v i t r o  6-hour 
^chromium release c y to to x ic ity  assays. During the 
course o f p re lim ina ry  experiments, the cy to to x ic  a c t iv i t y  
o f spleen c e lls  from unmodified, i . e .  non-transplanted, 
PVG-rnu/rnu ra ts  was also tested . As p red ic ted , 
spleen c e lls  from unmodified athymic re c ip ie n ts  showed 
high leve ls  o f nonspecific cy to tox ic  a c t iv i t y  against the 
NK susceptib le  ta rge ts  Y3 and YAC-1, which usua lly  
exceeded those o f spleen c e lls  obtained from normal PVG 
animals (Figs 6.5 & 6 .6 ).
In te re s tin g ly , spleen c e lls  from unmodified PVG-rnu/rnu 
animals also showed s ig n if ic a n t ly s is  o f the mouse 
mastocytoma l in e ,  P815. This c e ll l in e  is  susceptib le  to  
ly s is  by lymphokine activa ted  k i l l e r  c e lls ,  or LAK c e lls ,  
but is  reported to  be re s is ta n t to  ly s is  by nonactivated
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Fig . 6 .5  Cytotoxic a c t iv ity  o f splenocytes from
unmodified PVG-rnu/rnu rats  against NK susceptible  
targets Y3 and YAC-1.
Splenocyte e ffe c to r c e lls  were prepared, w ith
macrophage dep le tion , from unmodified PVG-rnu/rnu ra ts  
and tested fo r  th e ir  a b i l i t y  to  lyse chromium-labelled 
ta rg e t c e lls .
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Fig. 6 .6  Cytotoxic a c t iv ity  o f splenocytes from normal 
PVG rats  against NK susceptible targets  Y3 and YAC-1.
Splenocyte e ffe c to r c e lls  were prepared, w ith  
macrophage dep le tion , from normal PVG ra ts  and tested 
fo r  th e ir  a b i l i t y  to  lyse chromium-labelled ta rg e t 
c e lls .
lymphocytes and NK c e lls  (Dunn & P o tte r, 1957; Vujanovic, 
Herberman & H iserodt, 1988). Spleen c e lls  from euthymic 
PVG ra ts  showed minimal leve ls  o f cy to to x ic  a c t iv i t y  
against P815.
Unexpectedly, spleen c e lls  from non-transplanted 
athymic PVG ra ts  also showed high le ve ls  o f cy to to x ic  
a c t iv i t y  against a llogene ic (DA, AO and Lewis) ConA 
lymphoblasts, despite the absence o f p r io r  s e n s it is a tio n , 
although they showed no a b i l i t y  to  lyse syngeneic PVG 
lymphoblasts. This c y to to x ic ity  against a llogene ic  ConA 
b las ts  contrasted markedly w ith  the in a b i l i t y  o f spleen 
c e lls  from normal PVG animals to  lyse a llogene ic  ConA 
b la s t ta rg e ts . The re su lts  o f one such experiment are 
shown in  Figs 6.7 and 6.8, and these are represen ta tive  
o f s im ila r  experiments performed on s ix  occasions.
The a b i l i t y  o f spleen c e lls  from PVG-rnu/rnu ra ts  to  
lyse a llogene ic  ConA b lasts was not le c t in  re la ted  since 
a s im ila r  pattern  o f re a c t iv ity  was observed against 
fre s h ly  iso la te d , chromium-labelled a llogene ic  splenocyte 
ta rg e ts , although the leve ls  o f spontaneous chromium 
release in  such assays were high (e .g . 40%, re s u lts  not
shown).
The observation th a t spleen c e lls  from unmodified 
athymic animals were cy to to x ic  against a llogene ic  ConA 
b las ts  was thought worthy o f fu r th e r  in v e s tig a tio n , as 
described below.
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F ig . 6 .7  Cytotoxic a c t iv ity  o f splenocytes from
unmodified PVG-rnu/rnu ra ts  against a range o f ConA 
b la s ts .
Splenocyte e ffe c to r c e lls  were prepared, w ith
macrophage dep le tion , from unmodified PVG-rnu/rnu ra ts  
and tested fo r  th e ir  a b i l i t y  to  lyse chromium-labelled 
ta rg e t c e lls .
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Fig . 6 .8  Cytotoxic a c t iv ity  o f splenocytes from normal 
PVG rats  against a range o f ConA b las ts .
Splenocyte e f fe c to r  c e l ls  were prepared, w ith 
macrophage depletion, from normal PVG ra ts  and tested 
fo r  th e i r  a b i l i t y  to lyse chromium-labelled ta rg e t 
c e l ls .
6 .7 .2  E ffec t o f a n ti-a s ia lo  GM1 treatm ent on the  
a llo re a c t iv ity  o f PVG-rnu/rnu splenocytes
The resu lts  o f the experiments described above 
suggested tha t the a l lo re a c t ive  c e l ls  in  nude ra ts  might 
be NK c e l ls  - a typ ica l because NK c e l ls  are not normally 
able to lyse ConA b las ts . Mouse and ra t  NK c e l ls  are 
reported to bear the ce l l  surface g ly c o l ip id ,  GM1, which 
serves as a marker by which NK c e l ls  may be e ith e r  
id e n t i f ie d ,  or e lim inated w ith the use o f antibody and 
complement (Kasai, Iwamori, Okomura e t a l , 1980;
Reynolds, Sharrow, Orta!do e t a l , 1981; Kasai, Yoneda,
Habu e t a l , 1981). Attempts to p o s i t iv e ly  id e n t i f y  NK
c e l ls  in  t issue sections and in cy tocen tr ifuge  s l id e  
preparations o f PVG-rnu/rnu ra t  splenocytes using a 
ra b b it  a n t i -a s ia lo  GM1 (anti-AGMl) an ti serum (Wako 
Chemicals, Dallas, Texas) with an immunoperoxidase 
s ta in ing  technique (Fossum & Rolstad, 1986) were 
unsuccessful because o f extensive background s ta in in g .
An a lte rn a t ive  approach was to remove the pu ta tive  NK 
c e l ls  from the e f fe c to r  ce ll  populations by t re a t in g  the 
c e l ls  w ith anti-AGMl and complement to see i f  the 
a b i l i t y  o f the ce ll  population to  lyse NK se ns it ive  
ta rge ts  was reduced. B r ie f ly ,  2 -3x l07 splenocytes 
per ml were incubated fo r  45 min a t 4C w ith  a 1:50 
d i lu t io n  o f the anti-AGMl antibody. A f te r  two washes,
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the c e l ls  were incubated w ith a 1:5 d i lu t io n  o f f re s h ly  
reconstitu ted  guinea pig complement fo r  45 min a t 37C, 
and then washed again p r io r  to use.
Treated and untreated PVG-rnu/rnu splenocytes were
compared w ith treated and untreated splenocytes from 
s p e c i f ic a l ly  sensit ised (by DA skin g ra f t in g )  PVG donors, 
fo r  th e i r  a b i l i t y  to lyse a range o f chromium labe lled  
ta rg e t c e l ls  in v i t r o . ("Untreated" splenocytes were
incubated w ith  DAB, in place o f anti-AGMl, followed by
guinea pig complement as fo r  treated c e l ls . )
The resu lts  o f the experiment depicted in Figs 6.9, 
6.10, 6.11 & 6.12, are representative o f three
experiments which gave s im ila r  re s u lts .  As before,
resu lts  from both euthymic and athymic PVG ra ts  showed
high leve ls  o f cy to tox ic  a c t i v i t y  against the NK 
susceptib le ta rgets Y3 and YAC-1. This nonspecific
a c t i v i t y  was e n t i re ly  abrogated by anti-AGMl treatment 
(Figs 6.9 & 6.10).
PVG-rnu/rnu splenocytes also showed very high leve ls  
o f cy to tox ic  a c t i v i t y  against both DA and Lewis ConA 
b las ts , which, again, were abrogated by treatment o f the 
e f fe c to r  c e l ls  with anti-AGMl (Figs 6.11 & 6.12).
S p e c if ic a l ly  sensitised PVG splenocytes demonstrated 
low leve ls  o f cyto tox ic  a c t i v i t y  against th i r d  party
Lewis ConA b las ts , and moderate leve ls  against the
s p e c if ic  ta rge t DA ConA b las ts . Unexpectedly, however, 
th is  a c t i v i t y  was s im i la r ly  diminished fo l low ing
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Fig. 6 .9  E ffect of a n ti-a s ia lo  GM1 treatm ent on 
cytotoxic a c t iv ity  of splenocytes from unmodified 
PVG-rnu/rnu and from s p e c ific a lly  sensitised PVG ra ts ,  
against Y3 ta rgets .
Effec to r splenocytes were prepared from unmodified 
athymic ra ts  and from PVG ra ts which had prev ious ly  
been s p e c i f ic a l ly  sensit ised with two DA skin g ra f ts .  
E ffec to r ce l ls  were treated with e ith e r  anti-AGMl or 
w ith DAB (co n tro l)  followed by guinea-pig complement, 
to remove NK a c t iv i t y ,  then tested fo r  in v i t r o  
cy to tox ic  a c t i v i t y  against a range o f chromium-labelled 
ta rge ts .
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Fig. 6.10 E ffec t o f a n ti-a s ia lo  GM1 treatm ent on 
cytotoxic a c t iv ity  of splenocytes from unmodified 
PVG-rnu/rnu and from s p e c ific a lly  sensitised PVG ra ts , 
against YAC-1 ta rgets .
E ffec to r splenocytes were prepared from unmodified 
athymic ra ts and from PVG ra ts  which had prev ious ly  
been s p e c i f ic a l ly  sensit ised with two DA skin g ra f ts .  
E ffec to r c e l ls  were treated with e ith e r  anti-AGMl or 
w ith DAB (co n tro l)  followed by guinea-pig complement, 
to remove NK a c t iv i t y ,  then tested fo r  in v i t r o  
cy to tox ic  a c t i v i t y  against a range o f chromium-labelled 
ta rge ts .
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Fig. 6.11 E ffec t of a n ti-a s ia lo  GM1 treatment on 
cytotoxic a c t iv ity  of splenocytes from unmodified 
PVG-rnu/rnu and from s p e c ific a lly  sensitised PVG ra ts ,  
against DA ConA b last targets.
Effec to r splenocytes were prepared from unmodified 
athymic ra ts  and from PVG ra ts  which had prev ious ly  
been s p e c i f ic a l ly  sensitised w ith two DA skin g ra f ts .  
E ffec to r c e l ls  were treated with e ith e r  anti-AGMl or 
w ith DAB (con tro l)  followed by guinea-pig complement, 
to remove NK a c t iv i t y ,  then tested fo r  in v i t r o  
cy to tox ic  a c t i v i t y  against a range of chromium-labelled 
ta rge ts .
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Fig . 6.12 E ffect o f a n ti-a s ia lo  GM1 treatment on 
cytotoxic a c t iv ity  of splenocytes from unmodified 
PVG-rnu/rnu and from s p e c ific a lly  sensitised PVG ra ts ,  
against Lewis ConA b last targets .
Effec to r splenocytes were prepared from unmodified 
athymic rats and from PVG ra ts which had previously 
been s p e c i f ic a l ly  sensit ised with two DA skin g ra f ts .  
E ffec to r ce l ls  were treated with e ith e r  anti-AGMl or 
w ith DAB (con tro l)  followed by guinea-pig complement, 
to remove NK a c t iv i t y ,  then tested fo r  in v i t r o  
cy to tox ic  a c t i v i t y  against a range o f chromium-labelled 
ta rge ts .
anti-AGMl treatment (Fig 6.11), and i t  was there fore  not 
possible to conclude th a t anti-AGMl was e f fe c t iv e  only 
against NK c e l ls .
Cytocentrifuge s l id e  preparations o f PVG-rnu/rnu 
e f fe c to r  c e l ls  prepared before and a f te r  anti-AGMl 
treatment confirmed th a t the number o f c e l ls  w ith  the 
morphological appearance o f large granular lymphocytes 
( i . e .  c e l ls  containing azu roph il ic  cytoplasmic granules) 
were dram atica lly  reduced from 10-15% o f e f fe c to r  c e l ls  
before treatment to 2-3% o f e f fe c to r  c e l ls  fo l low ing  
treatment.
The resu lts  o f these experiments appeared to  support 
the hypothesis th a t the wide a l lo r e a c t iv i t y  o f
PVG-rnu/rnu splenocytes was due to NK c e l ls .  This
suggestion must be in te rpre ted  w ith caution, however,
since i t  is  l i k e ly  th a t the GM1 g ly c o l ip id  may be 
expressed on leukocytes other than NK c e l ls ,  a lb e i t  less 
densely.
6 .7 .3  In h ib itio n  o f widely a llo re a c tiv e  cytotoxic c e lls  
by the addition of unlabelled targets
The demonstration th a t spleen c e l ls  from PVG-rnu/rnu 
rec ip ien ts  were able to lyse a llogeneic ConA b las ts  
raised the question as to whether d i f fe re n t
subpopulations o f e f fe c to r  c e l ls  were s p e c i f ic a l ly
208
k i l l i n g  ta rge ts  o f certa in  haplotypes or whether, as 
seemed more l i k e l y ,  e f fe c to r  c e l ls  were able to  lyse a l l  
o f the d i f fe re n t  ta rgets  in a nonspecific  manner.
This question was investigated by performing cold 
ta rg e t in h ib i t io n  assays, in which add it ion  o f excess 
unlabelled ta rge ts  to the assay was used to  in h ib i t  the 
k i l l i n g  o f labe lled  ta rge ts . I f  ta rg e t c e l l  ly s is  were 
e n t i r e ly  nonspecific , then the add it ion  o f unlabelled 
ta rge ts  o f a d i f fe re n t  s p e c i f ic i t y  should be as
in h ib i to ry  as the addition o f syngeneic but unlabelled
ta rge ts . Conversely, i f  a l lo re a c t iv e  ly s is  were due to 
the s p e c if ic  recognition o f the ta rg e t ,  then the add it ion  
o f i r re le v a n t ,  unlabelled ta rge ts  should not a f fe c t
chromium release from the sp e c if ic  ta rg e t .
The resu lts  o f two experiments are depicted in Table 
6.4. As shown, at lower ra t io s  o f un labelled (co ld) to  
labe lled  (hot) targets (e.g. 20:1), there was marked
heterogeneity o f e f fe c to r  ce ll  in te ra c t io n  w ith  the
various ta rge ts , since in h ib i t io n  o f c y to to x ic i ty  was 
generally s u b s ta n t ia l ly  greater w ith  syngeneic ta rge ts  
than w ith other cold ta rge ts . However, a t higher co ld :ho t 
ra t io s ,  there was clear evidence o f varying degrees o f 
cross in h ib i t io n  as well as homologous in h ib i t io n ,
ind ica t ing  shared s p e c i f ic i t y  o f e f fe c to r  c e l ls  against 
the d i f fe re n t  ta rge ts .
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Table 6 .4  In h ib itio n  of ^^-Cr-release by the addition o f 
unlabelled targets in cy to to x ic ity  assays
LABELLED UNLABELLED: % INHIBITION BY UNLABELLED TARGETS
TARGET LABELLED DA LEW Y3 YAC
Expt 1
DA 20:1 68 16 nd 22
(62%)* 10:1 47 11 nd 17
5:1 30 21 nd 19
YAC-1 20:1 0 3 nd 100
(39%)* 10:1 0 0 nd 100
5:1 8 1 nd 100
ixpt 2
DA 80:1 93 71 31 nd
(55%)* 40:1 82 47 22 • nd
20:1 71 24 29 nd
LEW 80:1 71 86 75 nd
(65%)* 40:1 60 71 38 nd
20:1 72 69 38 nd
Y3 80:1 52 75 88 - nd
(48%)* 40:1 25 35 90 nd
Table 6.4 Cold ta rge t in h ib i t io n  assays were performed in 
which unlabelled ta rge t c e l ls ,  added to the w e lls  in 
standard in v i t r o  c y to to x ic i ty  assays, competed w ith  the 
labe lled  targets  fo r  ly s is  by e f fe c to r  ce l ls  prepared from 
athymic PVG splenocytes. The ra t io  o f e f fe c to r  c e l ls  to 
labe lled  ta rge t c e l ls  was 100:1 throughout.
Results (expressed as % in h ib i t io n  of chromium release 
[mean o f t r i p l i c a t e  determ inations]) are shown fo r  two 
experiments. In both experiments, control wells  
containing unlabelled PVG splenocyte " f i l l e r "  c e l ls  were 
included, and in h ib i t io n  was less than 10% in a l l  cases.
* % c y to to x ic i ty  at e f fe c to r  : ta rge t ra t io  o f 100:1 in
absence of unlabelled competitor ta rge ts .
There was l i t t l e  "crowding e f fe c t "  in the wells  o f the 
assay, since the add it ion  o f unlabelled PVG splenocytes 
( instead o f cold ta rge ts )  a t 80:1 and 40:1 ra t io s  
resulted in less than 10% in h ib i t io n .
6 .7 .4  The ro le  o f FCS in the in v itro  c y to to x ic ity  assay
Why are PVG-rnu/rnu ra ts  unable to re je c t  a renal 
a l lo g ra f t  and yet they possess c e l ls  which have the 
capacity to lyse a large v a r ie ty  o f a llogene ic ta rge ts  in 
v i t r o ? Two p o s s ib i l i t ie s  re la ted to the experimental 
protocol were investigated: f i r s t l y ,  i t  was possib le, but 
u n l ik e ly ,  tha t PVG-rnu/rnu splenocytes were ac tiva ted  by 
the presence o f FCS in the assay. I f  so, s u b s t i tu t io n  o f 
FCS by heat inactiva ted  serum from nude ra ts  might 
remove the wide a l lo r e a c t iv i t y  o f the splenocytes. 
Secondly, i t  was possible th a t nude ra t  serum is  
d e f ic ie n t  in a fa c to r ,  e.g. an adherence fa c to r  which was 
present in FCS. I f  so, e f fe c to r  c e l ls  may be able to lyse 
ta rge ts  in v i t r o  in the FCS environment, but be unable to  
do so in v iv o .
In the fo llow ing  experiment, e f fe c to r  c e l ls  were 
prepared from two PVG-rnu/rnu spleens and compared w ith  
e ffe c to rs  from two normal PVG spleens fo r  th e i r  a b i l i t y  
to  lyse a range o f ta rge t c e l ls  in the presence o f e ith e r  
FCS or PVG serum or PVG-rnu/rnu serum. The re su lts  
presented in Table 6.5 show very l i t t l e  d if fe rence  
between the groups and therefore demonstrate th a t the
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Table 6 .5 . E ffe c t  o f  FCS and ra t  serum on cy to to x ic  a c t i v i t y  o f  
e f fe c to r  splenocytes from nude and normal PVGs
SERUM EFFECTOR E:T % CHROMIUM RELEASE FROM TARGET CELLS 
SOURCE
FCS
CELLS RATIO DA AO PVG P815 Y3 YAC-
PVG-rnu 100:1 68 61 5 59 91 70
50:1 62 43 1 34 70 60
25:1 46 27 0 15 52 43
12:1 26 11 0 6 42 18
PVG 100:1 17 10 1 18 56 57
50:1 4 3 0 7 36 41
25:1 2 0 0 1 27 15
12:1 0 0 0 1 19 1
100:1 80 63 25 63 84 85
50:1 57 37 24 31 58 57
25:1 51 30 3 15 39 47
12:1 25 20 9 20 19 31
100:1 28 19 20 19 52 58
50:1 18 11 16 8 35 34
25:1 19 19 17 20 20 19
12:1 14 6 13 16 18 9
PVG-rnu PVG-rnu
PVG
100:1 67 44 8 33 80 76
50:1 47 25 2 16 58 56
25:1 31 9 0 5 43 33
12:1 12 1 0 0 24 19
100:1 16 7 2 7 44 43
50:1 5 0 0 1 22 24
25:1 0 0 4 1 18 12
12:1 0 0 0 0 11 3
Table 6.5 To investiga te  the p o s s ib i l i t y  th a t the presence o f 
5% FCS in the medium had a con tr ibu ting  e f fe c t  on the observed 
wide a l lo r e a c t iv i t y  o f unmodified PVG-rnu/rnu splenocytes in 
v i t r o , c y to to x ic i ty  assays were performed simultaneously in the 
presence of e ith e r  FCS, or heat- inactiva ted  normal PVG serum, 
or heat- inactiva ted  normal PVG-rnu/rnu serum, against a range 
o f ^chrom ium-labelled ta rge t c e l ls .
wide a l lo r e a c t iv i t y  o f PVG-rnu/rnu splenocytes is  not 
explained by a "serum e f fe c t " .  In te re s t in g ly ,  the 
presence o f normal PVG serum resulted in moderate leve ls  
of a u to re a c t iv i ty  by both normal and nude PVG e f fe c to r  
c e l ls .
6 .7 .5  Cytotoxic a c t iv ity  o f splenocytes from PVG-rnu/rnu 
rec ip ients  o f DA renal a llo g ra fts
In each ind iv idua l experiment, three PVG-rnu/rnu 
re c ip ie n ts 'o f  DA renal a l lo g ra f ts  were recons t itu ted , a t 
the time o f transp lan t, w ith 5x10? LNC (one animal), 
or the same number o f CD4 lymphocytes (one animal), or 
were not reconstitu ted  (one animal). On day 7 a f te r  
t ransp lan ta t ion , the animals were s a c r i f ic e d  in order to 
study the capacity o f th e i r  lymphoid c e l ls  to lyse a 
range o f chromium labe lled  ta rge t c e l ls  in v i t r o . ( I t  
was not possible to obtain s u f f ic ie n t  g ra f t  i n f i l t r a t i n g  
c e l ls  or lymph node ce l ls  from ind iv idu a l animals 
[<10^] to perform an assay.) Splenocytes were 
compared, a f te r  macrophage deple tion, fo r  th e i r  a b i l i t y  
to lyse the d i f fe re n t  ta rg e t c e l ls .  These included the 
NK susceptib le Y3 and YAC-1 ra t  myeloma and mouse 
lymphoma l in e s ,  as well as a va r ie ty  o f ConA b las ts .
Overa ll, the resu lts  o f these experiments d if fe re d  
l i t t l e  from the resu lts  o f the above experiments using 
e f fe c to r  splenocytes prepared from non-transplanted 
athymic ra ts .  As before, i t  was found th a t a l l  e f fe c to r
211
c e l ls  showed the same high leve ls  o f cy to tox ic  a c t i v i t y  
against a l l  ta rgets tested, w ith the exception o f PVG 
ConA b lasts  which were not lysed by any o f the e f fe c to r  
populations. This experiment was repeated on three 
occasions, with the same re s u l t ,  and the re su lts  o f one 
experiment are shown in Figs 6.13, 6.14 & 6.15, where the 
ta rge ts  were DA and Lewis ConA b las ts  and Y3 c e l ls  
respective ly .
Thus there was l i t t l e  evidence o f a l lo s p e c i f ic  a c t i v i t y  
even in the spleens o f reconstitu ted  animals re je c t in g  a 
renal a l lo g ra f t .  The leve ls  o f ly s is  o f both DA and 
Lewis ConA blasts were s im i la r ,  and the overa ll pattern 
o f ly s is  against ConA b lasts  d if fe re d  l i t t l e  from 
th a t already seen. Splenocytes prepared from normal 
euthymic PVG ra ts ,  by contras t, showed no a c t i v i t y  
against DA, PVG and Lewis ConA b la s ts , but showed 
moderately high leve ls  o f a c t i v i t y  against Y3 ta rge ts  
(approximately 40% ly s is  a t 100:1 e f fe c to r  : ta rg e t 
r a t i o ) .
Cytocentrifuge s l id e  preparations o f e f fe c to r  
splenocytes from two o f the above experiments were 
stained with May-Grunwald & Giemsa fo r  morphological 
examination, and with monoclonal antibodies and the 
immunoperoxidase technique fo r  phenotypic examination. A 
d i f fe re n t ia l  count was performed on 500 c e l ls  in each 
e f fe c to r  population, and a to ta l  o f 400 c e l ls  w ith  the 
morphological appearance o f lymphocytes was counted in
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Fig. 6.13 Cytotoxic a c t iv ity  of splenocytes harvested 
on day 7 from PVG-rnu/rnu recip ients  o f DA renal 
a llo g ra fts , against DA ConA b last ta rg e ts .
Splenocyte e f fe c to r  c e l ls  were prepared, w ith 
macrophage depletion, from PVG-rnu/rnu re c ip ie n ts  which 
had received no c e l ls  (A), or which had been 
reconstitu ted  with 5x10' c e l ls ,  e ithe r  CD4 (B) or 
LNC (C). Normal PVG spleen e f fe c to r  c e l ls  were included 
fo r  comparison.
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Fig. 6.14 Cytotoxic a c t iv ity  of splenocytes harvested 
on day 7 from PVG-rnu/rnu recip ien ts  o f DA renal 
a llo g ra fts , against irre le v a n t Lewis ConA b la s t 
ta rg e ts .
Splenocyte e f fe c to r  c e l ls  were prepared, w ith  
macrophage depletion, from PVG-rnu/rnu re c ip ie n ts  which 
had received no ce lls  (A), or which had been 
reconstitu ted  with 5x10^ c e l ls ,  e ith e r  CD4 (B) or 
LNC (C). Normal PVG spleen e f fe c to r  c e l ls  were included 
fo r  comparison.
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Fig. 6.15 Cytotoxic a c t iv ity  of splenocytes harvested 
on day 7 from PVG-rnu/rnu rec ip ien ts  o f DA renal 
a llo g ra fts , against Y3 ta rg ets .
Splenocyte e f fe c to r  ce l ls  were prepared, w ith  
macrophage deple tion, from PVG-rnu/rnu re c ip ien ts  which 
had received no ce l ls  (A), or which had been 
reconstitu ted  with 5x10' c e l ls ,  e ith e r  CD4 (B) or 
LNC (C). Normal PVG spleen e f fe c to r  c e l ls  were included 
fo r  comparison.
each s l id e  labe lled  with a d i f fe re n t  monoclonal antibody. 
The resu lts  appear in Table 6.6, and show a s im i la r  
pa tte rn , ir resp ec t ive  of whether or not they derived from 
animals th a t had been reconst itu ted  w ith syngeneic 
lymphocytes. Approximately 20% o f the c e l ls  were 
neu troph ils , about 70% had the morphological appearance 
o f lymphocytes, and the remaining 10% comprised 
macrophages and eosinophils. Of the lymphocytes, most 
were labe lled  with MRC 0X12 and were therefore  B c e l ls .  A 
number appeared to be MRC 0X8+ c e l ls ,  some o f which 
were MRC 0X1S" and were probably NK c e l ls ,  and a few 
appeared to be W3/25+ lymphocytes. The main 
d if fe rence  between the groups o f e f fe c to r  c e l ls  was th a t  
those from unreconstituted animals appeared to  contain 
fewer MRC 0X19+ T c e l ls .
I t  appeared from the functiona l experiments described 
in th is  section tha t PNG-rnu/rnu ra ts  possess c e l ls  which 
are morphologically s im ila r  to lymphocytes, and some o f 
which are phenotypically s im ila r  to  NK c e l ls .  These 
c e l ls  demonstrate wide in v i t r o  a l lo r e a c t iv i t y  and ye t 
are unable to mediate a l lo g ra f t  re je c t io n  in the absence 
o f add it iona l immunocompetent syngeneic lymphocytes.
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Table 6 .6  a) Morphological id e n tity  o f e ffe c to r splenocytes from 
PVG-rnu/rnu rec ip ien t of DA renal a l lo g ra ft
RAT
MO.
CELLS
TRANSFERRED
DIFFERENTIAL
PMNs
LEUKOCYTE
LYMPHs
COUNT OF 
MACROS
EFFECTORS
EOSINs
1 none 22 69 8 1
2 none 14 79 6 1
3 CD4 22 70 7 1
4 CD4 28 59 9 4
5 LNC 16 76 7 1
6 LNC 15 77 7 1
Table 6 .6  b) Phenotypic id e n tity  o f e ffe c to r splenocytes from 
PVG-rnu/rnu recip ients o f DA renal a llo g ra fts
RAT CELLS % EFFECTOR SPLENOCYTES LABELLED WITH MAbs
NO. TRANSFERRED 0X8 W3/25 0X19 0X39 0X12
1 none 19 5 11 1 nd*
2 none 10 9 1 3 80
3 CD4 19 31 47 3 nd
4 CD4 17 21 10 3 69
5 LNC 16 17 22 3 nd
6 LNC 12 13 8 3 73
ik nd = not done
Table 6.6a Cytocentrifuge s l id e  preparations o f e f fe c to r  c e l ls  
were stained w ith May-Grunwald/Giemsa and a d i f f e r e n t ia l  
leukocyte count was performed by counting a minimum o f 400 
c e l ls  on each s l id e .
Table 6.6b Cytocentrifuge s l id e  preparations o f e f fe c to r  c e l ls  
were stained w ith MAbs to ra t  leukocytes, using an 
immunoperoxidase technique, and the percentage o f lymphocytes 
( ie .  c e l ls  w ith the morphological appearance o f lymphocytes) 
labe lled  w ith each MAb was determined.by counting a minimum of 
400 c e l ls  on each s l id e .
6 .7 .6  Cytotoxic reperto ire  o f g ra ft  in f i l t r a t in g  c e lls  
and LNC in PVG-rnu/rnu rats  re jec tin g  DA renal a llo g ra fts
In order to obtain s u f f ic ie n t  numbers o f g ra f t  
i n f i l t r a t i n g  c e l ls  and lymph node c e l ls  from
reconstitu ted  animals re je c t in g  th e i r  g ra f ts ,  i t  was 
necessary to pool the tissues o f 2-3 animals.
E ffec to r ce l ls  were therefore prepared on day 7 from 
renal a l lo g ra f ts  and from lymph nodes o f two or three 
ra ts  which had been simultaneously reconst itu ted  w ith 
5x10^ CD4 ce l ls  a t the time o f t ran sp lan ta t ion .
G ra ft i n f i l t r a t i n g  ce l ls  were harvested by mechanical 
d is rup tion  o f the kidney followed by Percoll
ce n tr i fuga t ion  and tested fo r  in v i t r o  cy to tox ic  a c t i v i t y  
against a range o f chromium labe lled  ta rge ts .
Targets included DA ConA b las ts , syngeneic PVG ConA 
b lasts  and th i r d  party Lewis ConA b las ts , together w ith 
the NK susceptib le Y3 ce ll  l in e ,  and also the mouse
mastocytoma l in e ,  P815. This experiment was repeated 
on three occasions with the same re s u l t .  G raft
i n f i l t r a t i n g  ce l ls  showed modest leve ls  o f a u to re a c t iv i ty  
and high leve ls  o f a c t i v i t y  against a l l  other ta rge ts . 
The leve ls  of cyto tox ic  a c t i v i t y  shown by g ra f t  
i n f i l t r a t i n g  ce l ls  (Figs 6.16 & 6.17) were not higher
than those o f e ith e r  LNC (Fig 6.18 & 6.19) or o f
splenocytes (reported e a r l ie r ) .  In one experiment, PVGrl 
ConA b lasts (which d i f f e r  from PVG c e l ls  only a t the 
RT1A "a" haplotype which is  o f DA type) were used as a
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Fig . 6.16 Cytotoxic a c t iv ity  o f g ra ft  in f i l t r a t in g  
c e lls  harvested on day 7 from CD4 ce ll reconstitu ted  
PVG-rnu/rnu recip ients re jec tin g  a DA renal a l lo g r a f t ,  
against a range o f ConA b last ta rg e t c e lls .
Graft i n f i l t r a t i n g  ce l ls  were prepared, by Percoll 
ce n tr i fu ga t io n , from two pooled kidneys removed from 
animals reconstitu ted with 5x10^ CD4 c e l ls .  They 
were tested in v i t r o  fo r  th e i r  a b i l i t y  to lyse 
chromium-labelled ConA b las t ta rgets  o f PVGrl, DA, PVG 
and Lewis s tra ins .
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Fig . 6.17 Cytotoxic a c t iv ity  of g ra ft  in f i l t r a t in g  
c e lls  harvested on day 7 from CD4 ce ll reconstituted  
PVG-rnu/rnu recip ients re jecting  a DA renal a l lo g r a f t ,  
against Y3 and P815 ta rg et c e lls .
Graft i n f i l t r a t i n g  ce l ls  were prepared, by Percoll 
c e n tr i fu ga t io n , from two pooled kidneys removed from 
animals reconstitu ted  with 5x10^ CD4 c e l ls .  They 
were tested in v i t r o  fo r  th e i r  a b i l i t y  to  lyse 
chromium-labelled Y3 and P815 ta rge ts .
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Fig. 6.18 Cytotoxic a c t iv ity  o f lymph node c e lls  
harvested on day 7 from CD4 c e ll reconstituted  
PVG-rnu/rnu recip ients re jec ting  a DA renal a l lo g r a ft ,  
against a range of ConA b last ta rg ets .
LNC e ffe c to r  ce l ls  were prepared from mesenteric and 
cerv ica l lymph nodes removed from animals reconst itu ted  
with 5x10^ CD4 c e l ls .  They were tested in v i t r o  
fo r  th e i r  a b i l i t y  to lyse chromium-labelled ConA b la s t 
ta rgets  o f PVGrl, DA, PVG and Lewis s tra in s .
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Fig. 6.19 Cytotoxic a c t iv ity  o f lymph node c e lls  
harvested on day 7 from CD4 ce ll reconstituted  
PVG-rnu/rnu recip ients re jec tin g  a DA renal a l lo g r a f t ,  
against Y3 and P815 targets .
LNC e f fe c to r  ce l ls  were prepared from mesenteric and 
cerv ica l lymph nodes removed from animals reconst itu ted  
w ith  5x10' CD4 c e l ls .  They were tested in v i t r o  
fo r  th e i r  a b i l i t y  to lyse chromium-labelled Y3 and P815 
ta rge ts .
ta rg e t.  G ra ft i n f i l t r a t i n g  c e l ls  showed considerably 
higher leve ls  o f c y to to x ic i ty  against PVGrl ta rge ts  than 
against PVG ta rge ts , and i t  was unexpected th a t c e l ls  
from a CD4 reconstitu ted  animal could s p e c i f ic a l ly  lyse a 
class I disparate ta rge t.  G raft i n f i l t r a t i n g  c e l ls  also 
demonstrated high cy to tox ic  a c t i v i t y  against P815 
ta rge ts , which suggests the presence, w ith in  PVG-rnu/rnu 
ra ts ,  o f activa ted leukocytes w ith c h a ra c te r is t ic s  more 
genera lly  a t t r ib u te d  to LAK c e l ls .
Cytocentrifuge s l id e  preparations o f the harvested 
g ra f t  i n f i l t r a t i n g  ce l ls  were stained w ith  monoclonal 
antibodies and the immunoperoxidase s ta in ing  technique. 
The percentages o f leukocytes o f each subpopulation were 
determined by counting 400 c e l ls  on each s l id e ,  and the 
resu lts  are reported in Table 6.7. When compared w ith  
Table 6.6, i t  can be seen th a t there were fewer B c e l ls  
present in  g ra f t  i n f i l t r a t i n g  c e l ls  than in  spleen or 
lymph node e ffe c to r  c e l ls .
6.8  The ro le  of soluble factors in mediating re jec tio n  o f 
DA renal a llo g ra fts  in PVG-rnu/rnu rec ip ien ts
In view o f observations discussed above th a t 
PVG-rnu/rnu ra ts  possess c e l ls  which d isp lay  wide 
a l lo r e a c t iv i t y  in v i t r o  and yet the animals are unable to 
re je c t  a l lo g ra f ts  in the absence o f add it iona l
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Table 6 .7  Phenotype of mononuclear e ffe c to r c e lls  harvested from 
re jec tin g  DA renal a llo g ra fts  and from lymph nodes in  
PVG-rnu/rnu rec ip ien ts  restored w ith CD4 lymphocytes
EFFECTOR % EFFECTOR CELLS LABELLED WITH HAb
CELLS FROM 0X8 W3/25 0X19 0X12
Kidney 22 31 30 15
(17,23,25) (29,32,32) (24,28,40) (13,13,19)
LNC 7 31 31 54
(5 ,7 ,9 ) (27,30,37) (30,31,33) (51,53,57)
Table 6.7 Cytocentrifuge s l id e  preparations o f e f fe c to r  c e l ls  
were stained w ith  MAbs to ra t  leukocytes, using an 
immunoperoxidase technique, and the percentage o f “ lymphocytes" 
labe lle d  w ith  each MAb was determined by counting a minimum o f 
400 c e l ls  on each s l id e .
Results are mean (and ind iv idua l values) from three ra ts .
immunocompetent c e l ls ,  the p o s s ib i l i t y  remained th a t 
these animals are d e f ic ie n t  in some kind o f soluble
mediator. The ro les o f two soluble fa c to rs  were 
investiga ted : f i r s t l y ,  DA renal a l lo g ra f t  re c ip ie n ts  were 
treated w ith exogenous IL2 to t r y  to restore  the
re je c t io n  response. Secondly, i t  was possible th a t 
antibody-mediated c e l lu la r  c y to to x ic i ty  was a mechanism 
involved in g ra f t  re je c t io n  in animals restored w ith  CD4 
c e l ls ,  although the in v i t r o  c y to to x ic i ty  assays showed 
high leve ls  of a c t i v i t y  in the absence o f a lloan t ibody .
6 .8 .1  E ffec t o f administering recombinant IL2 in  vivo
I t  was suggested by G i l l  is  e t al (1979) th a t  "a major 
function o f the thymus may be to e f fe c t  the maturation o f 
TCGF- (or IL2-) producing c e l ls "  and th a t  the reason 
behind the T ce ll  immunodeficiency o f nude mice is  th e i r  
i n a b i l i t y  to produce IL2. In a s ing le  experiment, three 
PVG-rnu/rnu ra ts received a DA renal a l lo g r a f t  and were 
treated twice d a ily  fo r  the next s ix  days w ith an 
in trape r itonea l in je c t io n  o f 100 un its  o f recombinant 
human IL2. One ra t  died from in trape r itonea l haemorrhage 
during in je c t io n .  The two remaining ra ts  underwent 
con tra la te ra l nephrectomy on day 7, and survived fo r  
longer than 70 days w ith  no s ig n i f ic a n t  increase in
serum urea or c rea tin ine  leve ls . I t  seems l i k e l y ,  in
re trospect, th a t higher and more frequent doses would be 
necessary to  provide a useful amount o f  IL2 in the
216
local environment of the renal a l lo g r a f t .  This might 
be achieved with the use o f implanted mini-osmotic 
in fus ion  pumps, although i t  might be d i f f i c u l t  to  
overcome the problem o f the short h a l f  l i f e  o f IL2 when 
administered in v iv o .
6 .8 .2  The ro le  of alloantibody in re jec tio n  o f DA renal 
a llo g ra fts  in  PVG-rnu/rnu recip ien ts
I t  was possible th a t the function  o f trans fe rred  CD4 
c e l ls  in res to r ing  re je c t ion  in PVG-rnu/rnu rec ip ie n ts  o f 
DA renal a l lo g ra f ts  was to provide help fo r  B c e l ls  in 
the production o f a l loan t ibod ies . These antibodies might 
then be involved in an ADCC type o f e f fe c to r  mechanism in 
g ra f t  re je c t io n .  I f  th is  were the case, then the 
adm in is tra tion  o f exogenous a lloant ibody  might restore 
g ra f t  re je c t io n  in PVG-rnu/rnu ra ts  in  the absence o f 
trans fe rr re d  c e l ls .
Three PVG-rnu/rnu rec ip ien ts  o f DA renal a l lo g ra f ts  
were treated with s ix  d a i ly  intravenous in je c t io n s  o f 0.5 
ml serum harvested (on day 10) from normal PVG ra ts  which 
were re je c t in g  DA renal a l lo g ra f ts .  (This time was 
chosen as being the day on which c i rc u la t in g  leve ls  o f 
a lloantibody were l i k e ly  to be a t th e i r  h ighest.)  
Following con tra la te ra l nephrectomy on day 7, one 
PVG-rnu/rnu ra t  died on day 20 but showed no r ise  in 
serum urea and c rea tin ine  leve ls  (a t day 14). One ra t
survived fo r  63 days and the other fo r  >100 days w ith  no
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evidence o f re je c t io n . To reduce the p o s s ib i l i ty  th a t 
these animals had received in s u f f ic ie n t  a llo a n tib o d y , 
three more re c ip ie n ts  o f DA renal a llo g ra f ts  were trea ted  
w ith  0.5 ml hyperimmune serum (from D A -skin-gra fted PVG 
ra ts  th a t had received fou r fo r tn ig h t ly  booster 
in je c tio n s  o f DA sp lenocytes). A ll three ra ts  survived 
w ith  no evidence o f re je c t io n .
In a l l  s ix  animals trea ted  w ith  a llo a n tib o d ie s , free  
c irc u la tin g  cy to to x ic  a llo a n tib o d ie s  were detectab le  in  
th e ir  serum 24 hours a fte r  the la s t  in je c t io n , so i t  was 
improbable th a t the animals received in s u f f ic ie n t  amounts 
o f a llo an tibo dy . C ircu la tin g  cy to to x ic  an tibod ies were 
detected (see Methods) by a colleague, Dr A la s ta ir  
Gracie, who was also able to  demonstrate the presence o f 
c y to to x ic  anti-DA a llo a n tib o d ies  in  serum from 
PVG-rnu/rnu a llo g ra f t  re c ip ie n ts  which had been 
recons titu ted  w ith  CD4 c e lls  or LNC, and inc lud ing  those 
restored w ith  a s y n e rg is tic  dose o f CD4 + CD8 c e lls ,  but 
not in  unreconstitu ted ra ts .
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6 .9  G raft immunogenicity is  reduced in " la te  
reconstituted" PVG-rnu/rnu rec ip ien ts  o f DA renal 
a llo g ra fts
In th is  f in a l group o f experiments, the ro le  o f 
passenger leukocytes in  DA renal a llo g ra f ts  transp lanted 
to  PVG-rnu/rnu re c ip ie n ts  was inve s tiga te d . In the 
experiments described in  th is  chapter, a l lo g ra f t  
re je c tio n  was achieved when re c ip ie n ts  received 
trans fe rred  c e lls  immediately a fte r  tra n s p la n ta tio n . The 
p o s s ib i l i ty  existed th a t i f  re c o n s titu t io n  was delayed 
fo r  several weeks, the immunogenicity o f the g ra f t  m ight 
decrease, and i t  might become re s is ta n t to  re je c tio n  even 
in  the presence o f tra ns fe rre d  immunocompetent c e lls .  
Lechler & Batchelor (1982) desribed how the use o f an 
in term ediate , immunoincompetent host resu lted  in  the 
prolonged su rv iva l o f ra t renal a llo g ra f ts  when 
trans fe rred  to  f u l ly  immunocompetent re c ip ie n ts . This 
type o f s tra tegy has formed the basis o f many experiments 
designed to  remove "passenger leukocytes" (probably 
in t e r s t i t ia l  d e n d rit ic  c e lls )  from a llogene ic  tissues in  
order to  achieve prolonged su rv iva l o f the g ra ft  in  the 
f in a l re c ip ie n t (see chapter 1).
PVG-rnu/rnu re c ip ie n ts  o f DA renal a llo g ra f ts  underwent 
co n tra la te ra l nephrectomy on day 7 a fte r  tra n sp la n ta tio n . 
They received an intravenous inoculum o f 5x10^ PVG 
CD4 c e lls ,  e ith e r naive or s p e c if ic a l ly  se n s itise d , a t
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between four and e ig h t weeks a fte r  tra n s p la n ta tio n , and 
g ra ft  func tion  was monitored by measuring serum urea and 
c re a tin in e  leve ls  in  frequent t a i l  blood samples. 
Animals reconstitu ted  w ith  naive c e lls  showed prolonged 
s u rv iv a l, and died on days 16, 49 and la te r  than day 50
a fte r  re c o n s titu tio n  w ith  high serum urea le ve ls  which 
did not begin to  r is e  u n t i l  12 days a fte r  re c o n s titu t io n . 
Animals rece iv ing  sens itised  c e lls  ra p id ly  re jec ted  th e ir  
g ra fts  on days 11, 11 and 13 a fte r  re c o n t itu t io n , w ith
associated high serum urea le v e ls . The prolonged g ra ft  
su rv iva l may be accounted fo r  by the m igra tion  o f 
passenger leukocytes out o f the g ra ft  and th e ir  
subsequent des tru c tion , w ithou t the generation o f 
immunological memory, by natural c y to to x ic ity .  Thus, 
perhaps, the more e f f ic ie n t  antigen presenta tion pathway 
was impaired (Lechler & Batchelor, 1982) but s u f f ic ie n t  
a llogene ic  stim ulus remained in  the g ra f t  to  even tua lly  
provoke a response from the trans fe rred  c e lls .
6.10 Discussion
The observation, in  th is  chapter, th a t co n ge n ita lly  
athymic PVG-rnu/rnu ra ts  were unable to  re je c t a renal 
a llo g ra f t  was expected and is  e n t ire ly  cons is ten t w ith  
the reported in a b i l i t y  o f such animals to  re je c t skin  
a llo g ra f ts .  There is ,  however, a s ing le  con tras ting
220
report th a t aged athymic nude ra ts  may, on occasions, be 
able to  re je c t skin a llo g ra f ts ,  suggesting th a t 
extrathym ic routes o f lymphocyte development may a llow  
a llo re a c tiv e  lymphocytes to  develop (Hedrich, Wonigeit & 
Schwinzer, 1987). The p o s s ib i l i ty  th a t these la t te r  
observations were a consequence o f the p a r t ic u la r  ra t  
colony used can only be specu la tive .
Although i t  is  genera lly  accepted th a t athymic mice and 
ra ts  are unable to  re je c t a llo g ra f ts ,  i t  is  a lso c lea r 
th a t nude mice may develop lymphocytes w ith  in  v i t r o  
c y to ly t ic  a c t iv i t y  as reported by several groups ( G i l l is  
e t a l , 1979). At lea s t one group has shown th a t the 
development o f th is  func tiona l a c t iv i t y  was la rg e ly  
dependent on the development, w ith  age, o f Thy-1 and
Lyt-2  T c e ll markers (MacDonald, Lees, Sordat e t a l ,
1981; Maryanski, MacDonald, Sordat e t a l , 1981).
S im ila r ly , several groups have reported the age-re la ted 
development o f T c e ll markers in nude ra ts , together w ith  
T func tiona l a c t iv i t y  in v i t r o  (Vaessen, Broekhuizen, 
Rozing e t a l , 1986; Schwinzer, Hedrich & W onigeit, 1987).
There is  no doubt th a t nude ra ts  (and mice) possess
c e lls  th a t bear T lymphocyte markers : 2%-4% o f ra t
tho rac ic  duct lymphocytes have been shown to  labe l w ith  
the monoclonal antibodies W3/13, W3/25 and MRC 0X8, and
the density  o f lymphocytes bearing T c e ll markers in  the 
lymph nodes is  considerably higher (Fossum, 1983). There 
is  less convincing evidence, however, th a t these c e lls
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are able to  perform the functions o f T c e lls .  A de ta ile d  
study o f the a c t iv i t y  o f c e lls  bearing T lymphocyte 
markers in  the nude mouse fa ile d  to  demonstrate normal T 
c e ll a c t iv i t y  (Chen, S co llay, Shortman e t a l , 1984), 
which was consis ten t w ith  the apparent absence o f any 
demonstrable T c e ll receptor gene rearrangement 
s ig n ify in g  thymic processing (Owen, Jenkinson, W illiam s 
e t a l , 1986). Nude ra ts  lacking a l lo re a c t iv i ty  have been 
shown to  possess as many as 5x10^ c e lls  bearing T 
iymphocyte.markers (Fossum, 1983), w hile  repopu lation o f 
nude ra ts  w ith  one f i f t h  o f th is  number o f T c e lls  is
s u f f ic ie n t  to  resto re  th e ir  a b i l i t y  to  ra p id ly  re je c t
skin  a llo g ra fts  (B e ll,  Sparshott, Drayson e t a l , 1987). 
C o lle c tiv e ly , the evidence suggests th a t there is  an 
absolute requirement fo r  lymphocytes to  be th ym ica lly  
processed before they can mediate such T c e ll dependent 
responses as g ra ft  re je c tio n .
The experiments described in th is  chapter showed, as 
expected, th a t the adoptive tra n s fe r o f syngeneic 
lymphocytes to  PVG-rnu/rnu ra ts  e f fe c t iv e ly  restored
th e ir  a b i l i t y  to re je c t a renal a l lo g ra f t .  Transfer o f 
p u r if ie d  CD4 c e lls  alone, in  appropria te  numbers,
restored rapid g ra ft  re je c tio n , w hile  s p e c if ic a l ly  
sens itised  CD4 c e lls  were several fo ld  more potent in  
th is  respect. In co n tras t, both naive and s p e c if ic a l ly  
sens itised  CD8 c e lls  were to ta l ly  in e ffe c t iv e  a t 
provoking renal a llo g ra f t  re je c tio n . However, there was
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a suggestion th a t the tra n s fe r o f a m ixture o f CD4 and 
CD8 c e lls  might be a more potent inducer o f g ra f t  
re je c tio n  than an equal number o f CD4 c e lls  alone. Such 
a syn e rg is tic  e ffe c t would be consis ten t w ith  the e a r lie r  
observation th a t tra n s fe r o f unseparated T c e lls  to  
acute ly ir ra d ia te d  ra ts  restored g ra ft  re je c tio n  w hile  
s im ila r  numbers o f CD4 c e lls  alone were considerably less 
e ffe c t iv e .
I t  was o f in te re s t th a t CD4 c e lls ,  which had been 
fu r th e r  depleted o f those lymphocytes expressing the MRC 
0X22 antigen, were also able to  mediate g ra ft  re je c t io n . 
The MRC 0X22 antibody d is tingu ishes  between CD4 c e lls  
which provide helper a c t iv i t y  fo r  B c e lls  (W3/25 
p o s it iv e , MRC 0X22 negative) and those which mediate 
g ra ft-ve rsus-hos t reactions (S p icke tt e t a l , 1983). I t
was a somewhat unexpected f in d in g , from th is  p re lim in a ry  
experiment, th a t a CD4 p o s itive  but MRC 0X22 negative T 
c e ll population could e f fe c t iv e ly  resto re  g ra f t  
re je c tio n . Animals re je c tin g  th e ir  g ra fts  a fte r  
re c o n s titu tio n  w ith  th is  T c e ll population showed a 
cy to to x ic  a lloan tibody response. The p o s s ib i l i ty
the re fo re  existed th a t the a llo an tibody  response
generated may have an e ffe c to r ro le  in  re je c tio n  (v ia
ADCC) ra the r than being dismissed as an epiphenomenon.
This p o in t was not extens ive ly  pursued, but the serum 
tra n s fe r stud ies (section  6 .8 .2 ) fa i le d  to  support the 
concept th a t the presence o f a llo an tibo dy  alone in
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athymic g ra ft  re c ip ie n ts  was s u f f ic ie n t  to  re s u lt in 
ir re v e rs ib le  g ra ft  damage. The a b i l i t y  o f CD4 p o s it iv e , 
MRC 0X22 p o s itive  c e lls  to  cause renal a llo g ra f t  
re je c tio n  was not s tud ied , but i t  was a n tic ip a te d  th a t 
they also would be e ffe c t iv e .
When splenocytes from athymic ra ts  were tested fo r  in  
v i t r o  c y to to x ic ity ,  i t  was found, unexpectedly, th a t even 
c e lls  from unmodified, non-transplanted animals displayed 
cy to to x ic  a c t iv i t y  against a llogene ic  ta rg e t c e lls .  This 
observation was pursued fu r th e r ,  to  in ve s tig a te  the 
p o s s ib i l i ty  th a t th is  a c t iv i t y  was o f relevance to  the 
mechanism whereby CD4 c e lls  resto re  the re je c tio n  
response, and fo r  more general in te re s t.
I t  has p rev ious ly  been described th a t nude ra ts , l ik e  
nude mice, have increased numbers o f c irc u la t in g  c e lls  
w ith  the phenotype and function  o f NK c e lls  (Reynolds, 
Timonen, Holden e t a l , 1982) and th a t these high leve ls  
a rise  as a p ro te c tive  mechanism because o f the absence o f 
fun c tion a l T c e lls  (Grzelak, Olszewski, Fossum e t a l , 
1984). In v i t r o  c y to to x ic ity  experiments described in 
th is  chapter co n s is te n tly  showed higher le ve ls  o f 
chromium release from the NK susceptib le  ta rg e ts  Y3 and 
YAC-1 by nude splenocytes when compared w ith  normal PVG 
splenocytes. Moreover, PVG-rnu/rnu splenocytes also 
showed co n s is ten tly  high leve ls  o f cy to to x ic  a c t iv i t y  
against a l l  s tra in s  o f ConA b la s ts  tested  except 
syngeneic PVG ConA b la s ts . This was never observed w ith
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normal PVG splenocytes, and has not been reported to  
occur in cu ltu red  nude mouse c y to ly t ic  c e ll l in e s , where 
th ird  party  ly s is  was never observed ( G i l l i s ,  Union, 
Baker e t a l , 1979). Another group in v e s tig a tin g  the
a b i l i t y  o f cu ltu red  nude mouse splenocytes to  k i l l  a 
range o f ta rge ts  showed th a t while high le ve ls  o f 
c y to to x ic ity  were observed w ith  a l l  tumour lin e s  tes ted , 
moderate leve ls  o f c y to to x ic ity  against a llogene ic  ConA 
b las ts  were detected a fte r  an 18 hour incubation period , 
but not a fte r  6 hours incubation (Kedar, I k e j i r i ,  Sredni 
e t a l , 1982). This wide a l lo re a c t iv i ty  in  PVG-rnu/rnu
ra t splenocytes has not, to  my knowledge, been p rev ious ly  
reported. I t  is  in te re s tin g  th a t despite possessing large  
numbers o f these c e lls  th a t are able to  lyse a llogene ic  
c e lls  in  v i t r o , PVG-rnu/rnu ra ts  are unable to  re je c t DA 
renal a llo g ra f ts .
The use o f anti-AGMl to  ablate th is  wide a l lo re a c t iv i ty  
in  v i t r o  suggested th a t these c e lls  are NK c e lls  w ith  the 
unusual property o f being able to  lyse not on ly the NK 
susceptib le  Y3 and YAC-1 ta rg e ts , but also the 
t r a d i t io n a l ly  NK re s is ta n t P815 mouse mastocytoma (Dunn & 
P o tte r, 1957), and a llogeneic ConA b la s ts . Furthermore, 
w hile  cold ta rg e t in h ib it io n  assays suggested th a t the 
wide a l lo re a c t iv i ty  o f PVG-rnu/rnu splenocytes might be 
accounted fo r  by th e ir  recogn ition  o f a common
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determinant on ta rg e t c e lls ,  they also provided evidence 
th a t these splenocytes are capable o f a d d itio n a l s p e c if ic  
recogn ition  o f a llogene ic  ta rg e ts .
I t  is  reasonable to  suggest th a t these c e lls  e x is t as 
a form o f immune defence in  the absence o f th ym ica lly  
processed c e lls  and i t  is  possible th a t these are the 
pre-thym ic T c e lls  proposed by Jerne (1971) -  there are
more o f them in nude ra ts  because they never become 
th ym ica lly  processed. NK c e lls  have been im plica ted  in 
responses to  transp lan ts , but they appear to  be more 
important in  destroying s ing le  c e lls ,  as seen in  the 
resistance to  bone marrow tra n sp la n ta tio n  and the 
induction  o f GVH disease (Herberman, 1982), ra the r than 
the response to  a s o lid  organ g ra ft .  Heidecke e t al 
have shown th a t in v ivo treatment o f normal ra ts  w ith  
anti-AGMl did not a lte r  th e ir  response to  heart 
a llo g ra f ts ,  and they concluded th a t NK c e lls  do not 
play an ac tive  ro le  in  organ a llo g ra f t  re je c tio n  
(Heidecke, Araujo, Kupiec-Weglinski e t a l , 1985). I t  is
possib le th a t the in v i t r o  ly s is  o f a llogene ic  ta rg e ts  
reported in  th is  chapter is  more akin to  in  v ivo  ALC 
mediated ly s is  and NK mediated resistance to  transp lanted 
bone marrow than to  any known mechanisms o f organ 
a llo g ra f t  re je c tio n .
In view o f the w ide ly a llo re a c t iv e , c y to to x ic  nature o f 
these nude ra t splenocytes, an a lte rn a tiv e  suggestion is  
th a t these c e lls  are LAK c e lls ,  or lym phokine-activated
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k i l l e r  c e lls .  This term is  normally used to  imply an in  
v i t r o  func tiona l c h a ra c te r is tic  o f lymphocytes (o ften  
large granular lymphocytes [LGL] which are sometimes 
considered synonymous w ith  NK c e lls )  which have been 
cu ltu red  in  the presence o f IL2. I t  appears th a t 
IL2-mediated a c tiv a tio n  o f NK c e lls  confers upon them the 
a b i l i t y  to  lyse ta rg e t c e lls  in  a non-MHC re s tr ic te d  
fash ion , such th a t they are able to  lyse a wider range o f 
d if fe re n t tumour lin e s .
Rat LAK c e lls  bear the c h a ra te r is tie s  o f a c tiva ted  NK 
c e lls ,  in  th a t they are 98% LGL and express high le ve ls  
o f MRC 0X8 re a c t iv ity  and a s ia lo  GM1, few o f them label 
w ith  MRC 0X19, and most o f them express class I I  MHC 
antigens but not the IL2 receptor detected w ith  MRC 
0X39 (Vujanovic, Herberman, Maghazachi e t a l , 1988).
LAK c e lls  have prev ious ly  only been id e n t if ie d  in  c e lls  
cu ltured in  v i t r o  under ce rta in  conditions th a t include 
the presence o f IL2, but the generation o f mouse LAK 
c e lls  in  vivo has recen tly  been described in  mice
colonised w ith  the IL2 producing mouse T lymphoma EL4
(Nishimura, Uchiyama & Hashimoto, 1988). S im ila r ly ,  LAK 
a c t iv i t y  has been observed in  periphera l blood
lymphocytes o f cancer pa tien ts  trea ted  w ith  IL2 (Hank,
Kohler, W eil-H ilim an e t a l , 1988). The w ide ly
a llo re a c tiv e  nude ra t splenocytes described in  th is  
chapter appear to behave s im ila r ly  to  these in  v ivo  
stim ula ted LAK c e lls  but i t  is  d i f f i c u l t  to  understand
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how LAK c e lls  might e x is t in  PVG-rnu/rnu ra ts  unless nude 
ra ts  d if fe r  from nude mice in  th e ir  in a b i l i t y  to  produce 
IL2 ( G i l l is  e t a l , 1979). The a c t iv i t y  o f PVG-rnu/rnu
splenocytes resembles th a t o f LAK c e lls  in th a t they show 
non-MHC re s tr ic te d  c y to to x ic ity  and are able to  lyse 
N K-resistant ta rge ts  such as P815. Moreover, the re s u lts  
o f the cold ta rg e t in h ib it io n  study suggesting the 
presence o f w idely a llo re a c tiv e  e ffe c to r  c e lls  w ith  the 
add itio na l a b i l i t y  to  s p e c if ic a lly  recognise d if fe re n t  
ta rge ts  are in  agreement w ith  the re s u lts  o f s im ila r  cold 
ta rg e t in h ib it io n  assays performed on mouse LAK c e lls  
grown from cu ltured fo e ta l thymus: there was on ly s l ig h t
cross in h ib it io n  o f YAC-1 c e lls  by P815 and v ice  versa 
(Skinner & Marbrook, 1988).
While LAK c e lls  may be able to  con tro l the growth o f 
m etasta tic  tumours in  animal models (Rosenberg, 1986), 
w ide ly a llo re a c tiv e  nude ra t  c e lls  are incapable o f 
destroying renal a llo g ra f ts ,  and are not present in  the 
g ra ft  unless re je c tio n  is  in i t ia te d  by the tra n s fe r o f 
syngeneic T lymphocytes. The absence o f increased 
s p e c if ic  a llo re a c t iv i ty  in c e lls  harvested from re je c tin g  
g ra fts , when compared w ith  the a c t iv i t y  o f splenocytes, 
was su rp ris in g , but in view o f the high leve ls  o f 
nonspecific  c y to to x ic ity  recorded, s p e c if ic  a c t iv i t y  
would be d i f f i c u l t  to  de tect. This lack o f increased 
s p e c if ic  a c t iv it y  in  g ra ft  in f i l t r a t in g  c e lls  suggests 
th a t nonspecific , ra the r than s p e c if ic , mechanisms are
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involved in  renal a llo g ra f t  re je c tio n  in  PVG-rnu/rnu 
ra ts , and these may well be mediated by LAK c e lls  and NK 
c e lls ,  but there is  s t i l l  an absolute requirement fo r  T 
c e lls  to  in i t ia t e  the response.
An im portant question th a t remains unsolved concerns 
the mechanism by which T c e lls  are able to  in i t ia t e  a 
response in  PVG-rnu/rnu ra ts  cu lm inating in  the re je c tio n
o f DA renal a llo g ra f ts ,  apparently by c e llu la r
/
mechanisms, but w ith  minimal numbers o f T c e lls  a c tu a lly  
present in  the g ra fts , and no c lea r evidence o f T c e ll 
mediated s p e c if ic  cy to to x ic  a c t iv i t y .
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CHAPTER SEVEN 
FINAL DISCUSSION
7.1 General discussion
The ove ra ll aim o f th is  thes is  was to  in ve s tig a te  the 
c e llu la r  events which culminate in  the re je c tio n  o f an 
a llogene ic  kidney tra n sp la n t. Experiments o f th is  type 
are o f importance since they should provide a b e tte r 
understanding o f the g ra ft  re je c tio n  process and thereby 
a ra tio n a l basis from which to  develop s tra te g ie s  aimed 
a t improving kidney a llo g ra f t  su rv iva l in  c l in ic a l 
p ra c tise .
The ra t  renal a llo g ra f t  model was used throughout, 
since appropriate inbred s tra in s  are a va ilab le  and un like  
in  the mouse, kidney tra n sp la n ta tio n  by m icrosurg ica l 
methods is  feas ib le  w ith  a high leve l o f success. I t  
should be remembered, however, th a t there  may be 
im portant d iffe rences in  the re je c tio n  response when 
compared w ith  humans. For example, human kidneys undergo 
hyperacute re je c tio n  in the presence o f preformed 
cy to to x ic  a lloan tib od ies  whereas i t  is  d i f f i c u l t  to  
demonstrate a detrim ental e ffe c t o f a llo an tibo dy  on ra t 
kidney a llo g ra fts  -  presumably because ra t complement is ,  
by comparison, less potent. Furthermore, there are 
im portant d iffe rences in the c o n s titu tiv e  MHC expression 
between human and ra t kidneys. Whereas human renal 
vascular endothelium expresses class I I  MHC antigens, ra t 
renal vascular endothelium does not. However, as 
demonstrated in  chapter 3, ra t renal vascular endothelium
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does become s tro n g ly  class I I  p o s it iv e  during the course 
o f acute re je c tio n . Notwithstanding these considera tions, 
i t  is  reasonable to  assume th a t the c e llu la r  mechanisms 
leading to  the re je c tio n  o f a ra t renal a l lo g ra f t  can, 
in  broad terms, be extrapolated to  apply to  human kidney 
g ra f t  re je c tio n .
Three main approaches were used in  th is  th es is  to  
inves tiga te  the c e llu la r  events causing tissu e  damage in  
a llogene ic ra t  kidneys. F ir s t ,  observations were made in  
chapter 3 on the c e llu la r  events occurring  in  kidney 
a llo g ra fts  transplanted in to  unmodified re c ip ie n ts . 
Second, in  chapters 4 and 6, the a b i l i t y  o f T c e ll 
deprived hosts to re je c t a renal a l lo g ra f t  fo llo w in g  
adoptive tra n s fe r o f T c e ll subsets was examined. T h ird , 
the capacity o f T c e ll subsets to  mediate renal 
parenchymal damage in  a loca l GVH model was inves tiga ted . 
Although the experiments described have a lready been 
discussed in  th e ir  respective chapters, i t  is  he lp fu l to  
consider fu r th e r  the im p lica tions  and in te rre la tio n s h ip s  
o f the d if fe re n t experimental fin d in g s .
The observations reported in chapter 3 on the events 
occurring in  ra t kidney a llo g ra fts  a f te r  tra n sp la n ta tio n  
in to  unmodified hosts provided a de ta ile d  ana lys is o f the 
pa tte rn  and phenotype o f g ra f t  i n f i l t r a t in g  mononuclear 
c e lls  and the associated induction  o f donor MHC class I
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and class I I  antigens, the re su lts  o f which are in 
agreement w ith  other s im ila r  reports . Also cons is ten t 
w ith  previous reports (Mason & M orris , 1984; Bradley e t 
a l , 1985) was the demonstration th a t mononuclear c e lls
harvested from re je c tin g  g ra fts  displayed both donor 
s p e c if ic  as well as nonspecific  c y to to x ic ity  when tested 
in v i t r o . These func tiona l re su lts  ra ise  the question 
as to  whether the observed s p e c if ic  and nonspecific  
cy to to x ic  a c t iv i t y  are (a) an essentia l component o f the 
re je c tio n  response, (b) whether they co n tribu te  to  
re je c tio n  or (c) whether they are simply epiphenomena. 
Assuming the in  v i t r o  c y to to x ic ity  assay bears relevance 
to  • mechanisms operating in  g ra ft  re je c t io n , then the 
demonstration o f c e lls  w ith in  the g ra ft  which are able to  
lyse donor s tra in  ta rge ts  in  v i t r o  would suggest th a t 
such c e lls  m ight, in  v iv o , be expected to  cause tissu e  
damage. I t  is  in te re s tin g , however, th a t s p e c if ic  
cy to tox ic  T c e lls  are also found in  the n on -re jec tin g  
a llogene ic kidneys obtained from a c tiv e ly  enhanced ra ts . 
The explanation fo r  th is  paradoxical fin d in g  is  not c lea r 
but, as ou tlined  by Daliman, i t  may be th a t there are 
q u a lita t iv e  d iffe rences in the cy to to x ic  c e lls  present in 
transfused and untreated re c ip ie n ts  (Dallman e t a l , 
1987), or th a t the action  o f cy to to x ic  c e lls  in  
transfused animals is  blocked, poss ib ly  by enhancing 
an tibod ies.
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S im ila r ly , i t  is  apparent th a t the presence o f 
nonspecific  cy to to x ic  c e lls  w ith in  an a l lo g ra f t  is  not 
necessarily  associated w ith  re je c tio n , since these are 
also found in  non-re jec ting  ra t  kidney a llo g ra f ts  in  
CyA-treated or passive ly enhanced hosts (Mason & M orris , 
1984; Bradley e t a l , 1985). Furthermore, such
nonspecific  cy to to x ic  c e lls  do not appear to  be an 
essentia l component o f re je c tio n  s ince, in  the acute 
ir ra d ia t io n  experiments described in  chapter 4, re je c tin g  
g ra fts  in T c e ll recons titu ted  animals contained c e lls  
w ith  demonstrable s p e c if ic , but not nonspec ific , 
cy to to x ic  a c t iv i t y .
A major p a rt o f th is  thes is  concerned the a b i l i t y  o f 
imrnunologically compromised ra ts  to  re je c t a renal 
a llo g ra f t  fo llo w ing  the adoptive tra n s fe r o f d if fe re n t  
lymphocyte subpopulations. This approach has been w ide ly 
used by many d if fe re n t in ve s tig a to rs  w ith  the aim o f 
determining the c e llu la r  requirements fo r  g ra ft  
re je c tio n , and these studies are summarised in  Tables 
A1-A4. As shown, these reports re la te  almost e xc lu s ive ly  
to  rodent models o f e ith e r skin or heart tra n sp la n ta tio n , 
and many were concerned w ith  the adoptive tra n s fe r so le ly  
o f s p e c if ic a lly  sens itised  c e lls .  Only one group has 
p rev ious ly  investiga ted  the c e llu la r  requirements fo r  
res to ring  renal a llo g ra f t  re je c tio n  and they examined the 
a b i l i t y  o f s p e c if ic a lly  sens itised  c e lls  to  cause
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re je c tio n  in  acu te ly ir ra d ia te d  ra ts  (Gurley e t a l , 
1983). The conclusions o f th is  la t te r  study were based 
on iso la ted  day 7 serum c re a tin in e  measurements and not 
g ra f t  su rv iva l datal In a d d itio n , the kidney donor, as 
well as the re c ip ie n t, was ir ra d ia te d  and th is  may have 
a lte red  the immunogenicity o f the g ra ft .
I t  is  c lea r from the various adoptive tra n s fe r 
experiments summarised in  Tables A1-A4, and those 
described in  th is  th e s is , th a t the a b i l i t y  to  res to re  
g ra ft  re je c tio n  to immunocompromised hosts depends on 
several fa c to rs . These include the nature o f the 
immunocompromised host, the type o f tissu e  a l lo g ra f t  (eg, 
skin  or vascularised organ), and the in fluence  o f I r  
genes in  the p a r t ic u la r  s tra in  combination stud ied .
7 .2  The function and phenotype o f T c e lls
Throughout th is  th e s is , the a b i l i t y  o f T lymphocyte 
subpopulations to  mediate a llogene ic  tissu e  damage has 
been examined. The p u r if ie d  T c e ll subpopulations were 
prepared by a negative se lec tion  procedure according to  
th e ir  re a c t iv ity  w ith  the non-overlapping monoclonal 
antibodies W3/25 and MRC 0X8. These label the two 
pheno typ ica lly  d is t in c t  T c e ll subpopulations designated 
CD4 and CD8 re spec tive ly . In th is  respect they are 
analogous to  the MAbs commonly used fo r  id e n tify in g  human
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CD4 and CD8 lymphocytes, fo r  example, Leu3 and Leu2, or 
0KT4 and 0KT8. The equiva lent MAbs in  the mouse, o f 
which there are severa l, are not e n t ire ly  non­
overlapping, and fo r  th is  reason caution should be 
exercised in  the in te rp re ta tio n  o f re s u lts  from s im ila r  
experiments performed in  mice.
The phenotypic c h a ra c te r is tic s  o f c e lls  determined by 
th e ir  pa ttern  o f la b e llin g  w ith  MAbs do not necessarily  
designate th e ir  func tion  according to  o r ig in a l 
d e f in it io n s . CD4 lymphocytes have t r a d i t io n a l ly  been
synonymous w ith  T helper c e lls  and CD8 lymphocytes w ith  T 
cy to to x ic  and T suppressor c e lls .  I t  is  now apparent 
th a t th is  dichotomy o f func tion  does not s t r i c t l y  
co rre la te  w ith  phenotype. Instead the T c e ll phenotype 
may co rre la te  more c lose ly  w ith  M HC-restricted fu nc tio n  
so th a t, in  the context o f g ra f t  re je c t io n , CD4 c e lls  
respond to class I I  MHC a lloan tigens  whereas CD8 c e lls  
respond p r in c ip a lly  to  class I MHC a llo an tige ns  (Swain, 
1983; Zinkernagel & Doherty, 1979). Therefore, CD4
lymphocytes may, under ce rta in  circumstances, have a 
cy to tox ic  function  towards ta rg e t c e lls  expressing class
I I  MHC antigens; evidence fo r  such a mechanism was
provided by studies on the phenotype and s p e c if ic i ty  o f 
human cy to tox ic  T c e ll clones (S p its , Borst, Terhorst e t 
a l , 1982). S im ila r ly , in ce rta in  mutant mouse s tra in s ,
CD8 c e lls  may mediate class I re s tr ic te d  GVH disease and 
re je c tio n  o f class I d isparate skin  g ra fts  in  the absence
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o f CD4-mediated T c e ll help, since these mutant mouse CD8 
c e lls  are themselves able to  produce IL2 (Sprent, 
Schaefer, Gao e t a l , 1988; Rosenberg e t a l , 1987).
Furthermore, i t  has been shown th a t GVH disease, which 
was c la s s ic a lly  believed to  be a CD4 c e ll mediated 
disease, is  indeed caused by CD4 c e lls  when they are 
responding to  an iso la ted  MHC class I I  d is p a r ity  in  mice, 
but i t  can also be caused by CD8 c e lls  in  the presence o f 
an iso la ted  class I d is p a r ity  (Sprent, Schaefer, Lo e t 
a l , 1986). Thus i t  is  more convenient, in
tra n sp la n ta tio n  s tud ies , to  in te rp re t the fun c tio ns  o f 
tran s fe rred  T lymphocyte subpopulations in  terms o f th e ir  
observed, ra ther than th e ir  expected responses to  MHC 
a lloan tig ens .
7.3  Role o f CD4 and CD8 T c e lls  in a llo g ra ft  re jec tio n
Tables A1-A4 represent a summary o f experiments 
designed to  inves tiga te  the a b i l i t y  o f p u r if ie d  
lymphocyte subpopulations to  resto re  g ra ft  re je c t io n , 
and provides evidence th a t e ith e r CD4 or CD8 c e lls  are 
able to  cause g ra ft  re je c tio n , depending on the species, 
model, tis su e , MHC d is p a r ity  and sta tus o f the 
trans fe rred  c e lls .  In other words, there is  no consensus 
o f opinion on th is  m atter, and i t  is  now apparent th a t 
the debate o f the la s t decade about whether CD4 c e l l -
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mediated DTH reactions or CD8 ce ll-m edia ted cy to to x ic  
responses cause g ra ft  re je c tio n  has been superceded by a 
requirement fo r  a more d e ta iled  explanation o f mechanisms 
o f re je c tio n . As discussed above, the func tion  erf a 
p a r t ic u la r  subpopulation o f T c e lls  is  not e xc lu s ive ly  
defined by i t s  phenotype, so w hile  i t  is  possib le to  
determine the phenotype o f c e lls  th a t are required to  be 
adoptive ly  trans fe rred  in order to  cause g ra ft  re je c t io n , 
the mechanism by which they achieve re je c tio n  can only 
be postulated by examining the functions o f c e lls  
extracted from re je c tin g  tissues . The ra t renal 
a llo g ra f t  model and the renal GVH reaction  are ideal fo r  
th is  type o f approach because adop tive ly  tra n s fe rre d  
c e lls  cause re je c tio n  or tissue  damage th a t is  e a s ily  and 
o b je c tiv e ly  diagnosed, and re la t iv e ly  large numbers o f 
c e lls  may be extracted and tested in  in  v i t r o  fu n c tio n a l 
s tud ies.
7 .3 .1  Role o f CD8 T c e lls  
CD8 T c e lls  alone ( ie ,  W3/25 negative lymphocytes) were 
unable to  mediate a llogeneic tissue  damage in  any o f the 
experiments reported in th is  th e s is . Thus, n e ith e r naive 
nor s p e c if ic a lly  sens itised  CD8 lymphocytes were 
e ffe c tiv e  in  re s to ring  the a b i l i t y  o f e ith e r  acu te ly  
irra d ia te d  or congen ita lly  athymic ra ts  to  re je c t a f u l ly  
a llogene ic renal a llo g ra f t .  Furthermore, they were also 
unable to  cause renal parenchymal damage when tested in
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the renal GVH assay. These observations correspond w ith  
the c lass ica l scheme whereby a llo re a c t iv e  cy to to x ic  CD8 
c e lls  are generated from cy to to x ic  precursors under the 
in fluence o f inductive  lymphokines (p r in c ip a lly  IL2) 
produced by CD4 c e lls .  Nevertheless, there is  now good 
evidence th a t CD8 c e lls  alone are able to  mediate g ra ft  
re je c tio n  in the absence o f cooperation from CD4 c e lls .  
However, these circumstances appear to  be re s tr ic te d  to  
iso la ted  class I d is p a r it ie s  in  ce rta in  mutant mouse 
s tra in s , whose CD8 c e lls  produce th e ir  own lymphokine 
s igna ls  necessary fo r  th e ir  d if fe re n t ia t io n  in to  mature 
cy to to x ic  c e lls .  As already discussed, there  is  a lso 
c lea r evidence o f the a b i l i t y  o f s p e c if ic a l ly  ac tive  
cy to to x ic  T c e ll clones to  cause tissue  damage in  v ivo  
(Engers e t a l , 1982; Ty le r e t a l , 1984).
Although the present work provided no evidence th a t CD8 
c e lls  alone were able to  cause a llogene ic  tissu e  damage, 
there was evidence th a t they did con tribu te  to  re je c tio n  
when transfe rred  together w ith  CD4 lymphocytes. This 
synergy was seen most c le a r ly  in  the acu te ly  ir ra d ia te d  
renal a llo g ra f t  re c ip ie n ts  where optimal f i r s t  set 
re je c tio n  only occurred in  ra ts  re co n s titu te d  w ith  
unseparated lymphocytes and not w ith  CD4 or CD8 c e lls  
alone. In the con gen ita lly  athymic renal a llo g ra f t  
re c ip ie n ts  there was also a trend suggesting th a t a 
m ixture o f CD4 and CD8 lymphocytes may have been more 
e ffe c t iv e  a t re s to ring  re je c tio n  than an equiva lent
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number o f CD4 c e lls  alone. In te re s tin g ly , th is  evidence 
fo r  T-T c e ll cooperation is  supported by other 
experiments. For example, Lowry reported th a t there was 
an absolute requirement fo r  the adoptive tra n s fe r o f both 
CD4 and CD8 c e lls  in  order to  resto re  re je c tio n  o f class 
I d isparate heart a llo g ra fts  in acu te ly  ir ra d ia te d  ra ts  
(Lowry e t a l , 1985). Hall a lso described a s y n e rg is tic
e ffe c t in  the add ition  o f a small number o f CD4 c e lls  to  
an inoculum o f naive CD8 c e lls  in  adoptive tra n s fe r 
stud ies (H a ll, 1987).
7 .3 .2  Role o f CD4 T c e lls  
The adoptive tra n s fe r o f CD4 c e lls  alone to  ATXBM or 
acu te ly ir ra d ia te d  a llo g ra f t  re c ip ie n ts  does, in  several 
o f the stud ies ou tlined  in  Tables A1-A4, lead to  g ra ft  
re je c tio n . Experiments in which CD4 c e lls  alone were 
s u f f ic ie n t  to  restore skin g ra ft  re je c tio n  in  ATXBM 
animals prompted Loveland to  suggest th a t th is  was 
mediated by a DTH mechanism (Loveland, Hogarth, Ceredig 
e t a l , 1981). This was contradicted by the demonstration 
th a t cy to to x ic  precursor c e lls  were present in  CD4 
re co n s titu te d , ATXBM re c ip ie n ts  o f skin  a llo g ra f ts  
(Dallman & Mason, 1982) and thus the possib le  involvement 
o f T cy to to x ic  c e lls  in g ra ft  re je c tio n  could not be 
e n t ire ly  e lim ina ted . Nevertheless, a d d itio n a l experiments 
using acu te ly  irra d ia te d  animals showed th a t the adoptive 
tra n s fe r o f e ith e r s p e c if ic a lly  sens itised  or naive CD4
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lymphocytes were s u f f ic ie n t  to restore  heart a l lo g ra f t  
re je c tio n  (Lowry & Gurley, 1983; Lowry e t a l , 1985; Hall 
e t a l , 1983). Furthermore, the fa i lu re  to  detect
cy to to x ic  T c e lls  in  the re je c tin g  heart g ra fts  appeared 
to  favour a DTH response as the mechanism o f g ra ft
damage.
In the acute ir ra d ia t io n  experiments reported in  th is  
th e s is , unsensitised CD4 c e lls  alone were not s u f f ic ie n t
to  cause rapid renal a llo g ra f t  re je c tio n  in  the
p a r t ic u la r  ra t s tra in  combination used (DA to  Lewis). By 
con tras t, the adoptive tra n s fe r o f CD4 c e lls  alone to  
co ngen ita lly  athymic ra ts  restored th e ir  a b i l i t y  to  
ra p id ly  re je c t a renal a llo g ra f t .  I t  is  re levan t here to  
re c a ll the re su lts  o f experiments described in  chapter 3, 
showing th a t PVG ra ts  are able to  re je c t renal a llo g ra f ts  
bearing an iso la ted  class I I ,  but not class I ,  d is p a r ity  
o f the DA haplotype, suggesting th a t a class I I  
re s tr ic te d  (and CD4 mediated) re je c tio n  response
predominates in th is  s tra in  combination.
I t  was c le a r ly  shown th a t a llo g ra f t  re je c tio n  in  CD4 
reconstitu ted  athymic ra ts  occurred in the presence o f 
numerous CD8 as well as CD4 c e lls  w ith in  the g ra fts . 
Many o f these c e lls  appeared to  be e ith e r CD8 p o s it iv e  NK 
c e lls  or CD4 p o s itive  macrophages ra the r than T 
lymphocytes. I t  was o r ig in a l ly  a n tic ip a te d  th a t de ta iled  
func tiona l analysis o f these in f i l t r a t in g  c e lls  harvested 
from re je c tin g  g ra fts  in  CD4 recons titu ted  animals would
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allow  in s ig h t in to  the mechanism o f re je c t io n . This 
achievement was fru s tra te d  by the unexpected fin d in g  
th a t unmodified athymic animals possessed mononuclear 
c e lls ,  p a r t ic u la r ly  in  the spleen, which in  the absence 
o f p r io r  s e n s it is a tio n , demonstrated high le ve ls  o f
ly s is  against a llogeneic ta rg e ts . This in te re s tin g
observation was discussed more f u l ly  in chapter 6 and 
undoubtedly m erits  fu r th e r  study.
In view o f the experiments discussed above, . i t  would 
have been in te re s tin g  to  examine whether adoptive
tra n s fe r o f CD4 p o s itive  lymphocytes to  athymic ra ts  
enabled them to  re je c t a renal a llo g ra f t  bearing on ly an 
iso la te d  class I d is p a r ity .
7 .4  The ro le  o f MHC antigens and I r  gene control
I t  became c le a r, from in ve s tig a tin g  the a b i l i t y  o f 
lymphocyte subpopulations to  cause renal parenchymal
damage, th a t the response depended not only on the 
functions o f the trans fe rred  c e lls ,  but on the antigens 
to  which they were responding, as well as the 
p red ispos ition  o f the re c ip ie n ts  to  respond in  a
p a r t ic u la r  way to the donor s tra in . Thus the minimum
requirements fo r  a loca l renal GVHR were CD4 c e lls  and an
iso la ted  class I I  d is p a r ity , together w ith  the 
presentation o f a lloan tigen  on host bone marrow derived
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c e lls .  There was no response in the renal GVHR to  an 
iso la ted  class I d is p a r ity  and no requirement fo r  CD8 
c e lls .  This was consis ten t w ith  the fin d in g s  in  chapter 
3 th a t PVG ra ts  o f the recombinant series were unable to  
re je c t class I d isparate renal a llo g ra f ts  but re jected  
class I I  d isparate g ra fts  re la t iv e ly  ra p id ly . Further 
evidence fo r  the a b i l i t y  o f PVG CD4 c e lls  to  respond to 
DA a lloantigens was provided by th e ir  e ff ic ie n c y  a t 
res to ring  g ra ft  re je c tio n  in  PVG-rnu/rnu ra ts . Thus in  a 
low responder s tra in  combination (Butcher e t a l , 1982) 
renal parenchymal damage may be caused by CD4 c e lls  
recognising and responding to  MHC class I I  a llo an tigens  
in  the absence o f a requirement fo r  CD8 c e lls .  However, 
there is  evidence th a t in  other s tra in  combinations, CD8 
c e lls  are required in order to  cause tissu e  damage by 
responding to  a class I d is p a r ity ,  e ith e r in  the presence 
or absence o f CD4 c e lls  (Lowry e t a l , 1983; Wheelahan &
McKenzie, 1987; Sprent e t a l , 1988).
S im ila r ly , adoptive tra n s fe r experiments performed in 
th is  labora to ry  in d if fe re n t s tra in  combinations 
demonstrated very d if fe re n t c e llu la r  requirements fo r  
res to ring  g ra ft  re je c tio n . Thus in one s tra in  
combination (DA to Lewis, normally regarded as a " strong 
combination" in  which i t  is  not possib le to  co n s is te n tly  
achieve active  enhancement), re s to ra tio n  o f rap id  g ra f t  
re je c tio n  required the tra n s fe r o f both CD4 and CD8 
c e lls ,  whereas in the rec ip roca l combination (regarded as
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"weak" and easy to  enhance) even the presence o f very 
large numbers o f unseparated LNC fa ile d  to  provoke a 
response to  the a llo g ra f t .
The predominance o f a class I re s tr ic te d  , CD8 mediated 
response over a class I I  re s tr ic te d , CD4 mediated 
response, or vice versa, is  la rg e ly  determined by the 
in fluence o f I r  genes operating in  the p a r t ic u la r  s tra in  
combination, and th is  must be a considera tion when 
attem pting to  postu la te mechanisms o f g ra f t  re je c tio n  or 
GVH reactions.
7.5  Conclusion
The experiments performed in  th is  thes is  comprise a 
de ta iled  inve s tig a tio n  in to  the minimal requirements, in  
terms o f lymphocyte subpopulations, fo r  re s to rin g  f i r s t  
set renal a llo g ra f t  re je c tio n  in  immunocompromised 
re c ip ie n ts , and an attempt to  inve s tig a te  the c e llu la r  
in te ra c tio n s  culm inating in  the c e ll mediated damage o f 
renal parenchymal tissue  c h a ra c te r is tic  o f both a llo g ra f t  
re je c tio n  and the renal GVHR. The d if fe re n t  c e llu la r  
requirements in the various models studied serve to  
emphasise the influence o f I r  gene contro l and MHC 
re s tric tion  o f T c e ll responses on the re s u lts  o f adoptive 
tra n s fe r s tud ies , and h ig h lig h t the complexity o f these 
reactions. In order to  understand more about the 
c e llu la r  mechanisms o f g ra f t  re je c tio n , i t  w i l l  be
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necessary in the fu tu re  to d issec t the responses to  MHC 
class I and I I  a lloan tigens  in is o la t io n  in  order to  
understand how they might in te ra c t in  re je c tio n  
responses. The use o f fu n c tio n a lly  and pheno typ ica lly  
defined clones o f c e lls  might provide some usefu l 
in form ation in  adoptive tra n s fe r s tu d ies , although 
p re lim ina ry  experiments in  th is  labo ra to ry  have confirmed 
reports th a t i t  is  d i f f i c u l t  to  m aintain clones o f 
a llo re a c tiv e  ra t lymphocytes in  v i t r o . F in a lly ,  the 
mechanisms o f c e ll damage might be inves tiga ted  w ith  
b e tte r e ffe c t i f  a more appropriate ta rg e t c e ll than ConA 
lymphoblasts were ava ilab le  fo r  in  v i t r o  s tud ies . A 
su ita b le  candidate might be monolayers o f vascular 
endo the lia l c e lls ,  which have been im plicated  as ta rge ts  
o f the re je c tio n  response in  v iv o , and which may be 
manipulated to  express increased amounts o f MHC class I 
and class I I  antigens, thereby mimicking th e ir  behaviour 
in  g ra ft  re je c tio n .
To date, the c e llu la r  requirements fo r  causing tissue  
damage may be defined according to  the cond itions o f the 
experiments, but the precise pathways o f ta rg e t c e ll 
damage by a llo re a c tiv e  e ffe c to r c e lls  remain undisclosed.
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APPENDIX
Table A .l A b ility  of transferred lymphocyte subpopulations to restore g ra ft
rejection in acutely irradiated recipients
INCOMPATIBILITY DOSE CELLS TRANSFERRED TO CELLS
TISSUE I  I I  minor ANIMAL (Gy) RESTORE REJECTION N/Sa REF
Skin
Heart
Heart
Heart
Kidney + 
Heart
Heart +
Heart +
Neonatal +
Rat 7.5
Wag -»DA
Rat 7.5
DA ^  PVG
Rat 7.5
DA *  PVG
i i  i i
congenics
Rat 7.8
WF -* LEW (also 
donor)
+ Rat 7.8 
WF LEW (also 
donor)
+ / -  + / -
+ +
Small re c irc u la t in g  c e l ls
LNC, TDL. Potency re la tes  N 
to re c irc u la t io n  o f c e l ls
Rat
WF,PVG,
congenics
Rat
PVGrl*
PVGxWF
Rat
PVG -*■ DA 
Rat
PVGRTla
PVG
7.8
7.8
9.0
7.5
S ce l ls  more potent than 
N c e l ls .  Rejection slower 
in absence o f minor 
incompatibi 1 i t i e s
Both CD4 and CD8 c e l ls .
CD4 more potent. In v i t r o  
c y to to x ic i ty  only when CD4 
c e l ls  also present.
CD4 and T c e l ls .  CD8 not 
tested. Spleen c y to to x ic i ty  
only w ith T c e l ls .  No data 
on surv iva l (d7 creat o n ly ) .
CD4 and T c e l ls .  CD8 not 
necessary in  absence o f 
class I in c o m p a t ib i l i ty .
Requirement fo r  CD8 fo r  
re je c t ion  w ith  only class I 
d is p a r i ty .
CD4 c e l ls  alone s u f f ic ie n t  
fo r  normal tempo re je c t io n .
0X22- CD4 c e l ls  restore 
re je c t io n ,  CD8 necessary 
fo r  memory.
a) Cells trans fe rred  were e ith e r  naive (N) or s p e c i f ic a l ly  sens it ised  (S).
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Table A.2 A b ility  of transferred lymphocyte subpopulations to restore g ra ft
rejection in ATXBM recipients
INCOMPATIBILITY 
TISSUE I  I I  minor ANIMAL
CELLS TRANSFERRED TO CELLS
RESTORE REJECTION N/Sa REF
Skin + 
Tumour +
Skin
Skin
Tumour + 
Heart +
Heart +
Heart +
Skin +
Mouse
Mouse
Mouse
Rat
DA ^  PVG 
Mouse 
Rat
LxBN-»L
Rat
LxBN -»L 
Rat
LxBN->L
Mouse
CD4 c e l ls  alone s u f f ic ie n t  S
N - both CD4 + CD8 necessary. N
S - CD4 can, CD8 cannot. S
CD4 ce l ls  alone s u f f ic ie n t  N
CD4 c e l ls  alone s u f f ic ie n t  N
Cloned CD8 CTL e f fe c t iv e .  S
Require 10® S splenocytes S
plus IL2, plus adherent c e l ls .
Require 10® S T c e l ls  + /"  IL2 S
CD4 can s low ly, CD8 cannot.
T ce l ls  + IL2 necessary fo r  
re jec t io n  in normal time.
E ither CD4 or CD8 s u f f ic ie n t ,  
NB regeneration o f host CTL.
10
11
12
13
14
15
16
17
18
a) Cells transfe rred  were e ith e r  naive (N) or s p e c i f ic a l ly  sens it ised  (S).
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Table A.3 A b ility  of purified lymphocyte subpopulations to mediate tissue damage
in allogeneic (and immunocompromised) recipients
INCOMPATIBILITY CELLS TRANSFERRED TO CELLS
TISSUE I  I I  minor ANIMAL MODEL RESTORE REJECTION N/Sa REF
Skin
Skin + + +
Skin
Skin + /"  + /-  + / “
Mouse 
Mouse MAfc)b 
Mouse nu/nu 
Mouse MAb
normal Cloned E pa l-spec if ic  CTL 
caused intradermal lesion,
E ither CD4 or CD8 depletion 
s t i l l  allowed re je c t io n .
IL2-secreting  CD8 c e l ls  
alone caused re je c t io n .
CD8 alone only fo r  class I 
d is p a r i ty .  Others require  CD4.
19
20 
21
22
23
a) Cells transfe rred  were e ith e r  naive (N) or s p e c i f ic a l ly  sens it ised  (S).
b) Animals were treated w ith monoclonal antibodies to  s e le c t iv e ly  
deplete them o f T ce ll  subpopulations.
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Table A .4 References used in Tables A . l ,  A.2, & A.3
REFERENCE REFERENCE 
NUMBER AUTHORS AND JOURNAL
1 - Dorsch,S.E. & Roser,B.J. (1974)
Aust. J. Exp. B io l.  Med. S c i. ;  52: 33-44.
2 Hall,B .M ., Dorsch,S.E. & Roser,B.J. (1978)
J. Exp. Med.; 148: 878-889.
3 Hall,B .M ., Dorsch,S.E. & Roser,B.J. (1978)
J. Exp. Med.; 148: 890-902.
4 Lowry,R.P., Gurley,K.E. & Forbes,R.D.C. (1983) 
Transplantation; 36: 391-401.
5 Gurley,K.E., Lowry,R.P. & Forbes,R.D.C. (1983) 
Transplantation; 36: 401-405.
6 Lowry,R.P. & Gurley,K.E. (1983)
Transplantation; 36: 405-411.
7 Lowry,R.P., Forbes,R.D.C., Blackburn,O.H. e t  a l . (1985) 
Transplantation; 40: 545-550.
8 Hall,B .M ., de Saxe,I. & Dorsch,S.E. (1983) 
Transplantation; 36: 700-705.
9 Herbert,*]. & Roser,B. (1987)
Transplantation; 43: 556-560.
10 Loveland,B.E., Hogarth,P.M., Ceredig,Rh. e t a l . (1981)
J. Exp. Med.; 153: 1044-1057.
11 Loveland,B.E. & McKenzie,I.F.C. (1982)
Transplantation; 33: 174-180.
12 Loveland,B.E. & McKenzie,I.F.C. (1982)
Transplantation; 33: 407-410.
13 Dallman,M.J. & Mason,D,W. (1982)
Transplantation; 33: 221-223.
14 Engers,H.D., Glasebrook.A.L. & Sorenson,G.D. (1982)
J. Exp. Med.; 156: 1280-1285.
15 Clason,A.E., Duarte ,A .J.S ., Kupiec-Weglinski,J.W. e t  a l . 
J. Immunol.; 129: 252-259. (1982)
16 Lear,P.A., Heidecke,C.D., Kupiec-Weglinski,J.W. e t a l . 
Transplantation; 36: 412-417. (1983)
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17 Heidecke,C.D., Kupiec-Weglinski,J.W., Lear,P.A. e t a l . 
J. Immunol.; 133: 582-588. (1984)
18 LeFrancois,L. & Bevan,M.J. (1984)
J. Exp. Med.; 159: 57-67.
19 T y le r ,J .D .,  G a l l i ,S .J . ,  Snider,M.E. e t a l . (1984)
J. Exp. Med.; 159: 234-243.
20 Cobbold,S.P., Jayasuriya ,A ., Nash,A. e t a l . (1984) 
Nature; 312: 548-551.
21 Cobbold,S.P., Martin ,G ., Qin,S. e t a l . (1986)
Nature; 323: 164-166.
22 Rosenberg,A.S., M izuo ch i, ! . ,  Sharrow,S.O. e t a l . (1987) 
J. Exp. Med.; 165: 1296-1315.
23 Wheelahan,J. & McKenzie,I.F.C. (1987)
Transplantation; 44: 273-280.
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